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ABSTRACT

The synthetic precursor thiadiazole (1) has been synthesized from salicylic acid and
thiosemicarbazide under reflux condition. Condensation of thiadiazole with different substituted
benzaldehydes produces hydrazone (2-7). The reaction of different hydrazones with mercapto
acetic acid in presence of catalytic amount of zinc chloride affords the substituted thiazolidinone
derivatives containing thiadiazoline moiety (8-13). All the synthesized compounds were
characterized by IR, 'H NMR and "C NMR spectral evidences. The newly synthesized
thiazolidinone compounds were tested for the antibacterial and anti fungal activity against
Escherichia coli (E.coli) and Aspergillus niger (A.niger) respectively. The testing results showed

moderate activity against E.coli and A4.niger.
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4. Biological activity

The antibacterial and antifungal properties of thiazolidinone derivatives 10 and 11 showed

moderate activity against Escherichia coli and Aspergillus niger.
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Chapter 1

Introduction



1. Introduction

Heterocyclic compounds containing nitrogen and sulphur play an important role in the design
and discovery of new physiologically and pharmacologically active compounds. Medicinal
chemistry deals with the design, synthesis and production of molecules having therapeutic value.
During the past few decades growth in areas like combinatorial chemistry and heterocyclic
chemistry has lead to development of many privileged structure with proven utility in medicinal
chemistry [1]. Thiazolidinone, a saturated form of thiazole with carbonyl group on fourth carbon,
has been considered as a magic moiety (wonder nucleus) which posses almost all types of
biological activities. It belongs to an important group of heterocyclic compounds containing
sulfur and nitrogen in a five membered ring [2]. This biologically active scaffold has encouraged
interest in synthesizing several new compounds by using several substitutions at different
positions, attached to 4-thiazolidinone moieties. Substitution can have at 2, 3 and 5 positions.
Substituent at 2-, 3- and 5- positions may be varied, but the greatest difference in structure and
properties is exerted by the group attached to the carbon atom in the 2-position [3]. Tetrahydro
derivative of thaiazole is known as thiazolidine and the oxo derivative of thiazolidine is known

as thiazolidinone.

NH
=
S
1
Thiazolidinone

The 3-unsubstituted thiazolidinone are usually solids, often melt with decomposition, but the
attachment of an alkyl group to the nitrogen lowers the melting point. The thiazolidinone that do
not contain aryl or higher alkyl substituents are somewhat soluble in water [4]. Thiazolidinones
are known to exhibit anti-tubercular [5], antibacterial [6], anticonvulsant [7], antifungal [8] and
anti-thyroid activities [9]. Some of thiazolidinone derivatives were found to show interesting
anti-HIV and anticancer activities [10]. Thiazolidinone, with carbonyl group at 2, 4 or 5
positions have been subjected to extensive study in the recent years. Numerous reports have

appeared in the literature, which highlights their chemistry and use [11]. It was observed that



reaction with cyclizing reagents like a-halocarbonyl compounds such as CICH,COCI,
BrCH,COCI, BrCH,COOEt and CICH,COCH,COOEt in boiling ethanol with fused sodium
acetate have better biological profiles as thiazolidinone [12]. Thiazolidinone and its derivatives
have been reported to possess a variety of pharmacological properties. 4-Thioozolidinones are
known to exhibit anti-tubercular [13], antibacterial [ 14-15] and antifungal [16] activities and also
reported as HIV-1 RT inhibitors [17-18]. Apart from the substructure of widely used antibiotics
[19] such as penicillin, cephalosporin, monolactams, etc. the acetidin-2-one (a-lactam) skeleton
has been synthetic intermediates and biologically active precursor [20]. A large number of 3-
chloro monocyclic o-lactams possess powerful antibacterial, antimicrobial [21], anti-
inflammatory [22], anticonvulsant and anti-tubercular activity. They also function as enzyme
inhibitors and are effective on the central nervous system. 4-Thiazolidinone and 2-azetidinone
derivatives occupy an important place in medicinal chemistry as they show a variety of
microbiological activity. The compounds were screened for their antibacterial activity against E.
coli, P. aeruginosa, S. aureus and bacillus sp. The minimum inhibitory concentration (MIC) was
determined using Disk Diffusion method according to the standard procedure at three test
concentration, 128 pg/ml, 256 pg/ml and 512 pg/ml. DMF was used as a blank. Standard
antibacterial Streptomycin was also screened under the similar conditions for the comparison.
The importance of the quinoline nucleus has been well demonstrated as illustrated by the large
number of patents employing such species as chemotherapeutic agents. A number of biological
activities have been associated with quinoline-containing compounds such as anti-inflammatory,
antiallergic [23], antimalarial [24], antibacterial [25], antiproliferative [26], anticancer [27-28]
and antiparasitic [29] activities. Similarly, various thiazolidinones [30-31] have attracted
considerable attention as they are also endowed with a wide range of pharmaceutical activities
including CNS-depressant [32], anaesthetic [33], anticonvulsant [34], antibacterial [35-36],
antiviral [37] and antitumor [38]. Furthermore, drug research and development has led to the
discovery of new pharmacologically active agents, including imidoxy [39-40] compounds such
as phthalimidoxy [41] and succinimidoxy [42]. Succinimidoxy derivatives were tested against
different cancer cells [43] and also have been used in peptide synthesis [44]. They also possess a
strong anticonvulsant activity [45]. Tuberculosis (TB), an infection of Mycobacterium
tuberculosis still remains the leading cause of worldwide death among infectious diseases. One-

third of the population is infected with M. Tuberculosis and the World Health Organization



(WHO) estimates that within the next 20 years about 30 million people will be infected with the
bacillusp [46]. Active disease

following new infection, as well as reactivation of latent tuberculosis, is particularly prevalent in
individuals with compromised immune systems, such as those that are HIV positive. Duration of
the treatment of cases is very prolonged especially when caused by resistant bacteria. Although
advances in cancer detection and treatment over the past 10 years have led an increase in the
expected survival period, the majority of patients diagnosed with the disease relapse after
cytoreductive surgery and standard adjuvant chemotherapy. While much research is being done
to establish active salvage regimens, successful treatment depends upon effective adjuvant
therapy. Intrinsic or acquired resistance of cancer cells to chemotherapeutics in several malignant
tumors decrease the response rate and new therapeutic agents are needed. Indole derivatives have
been shown to possess antibacterial, antifungal and anti HIV activities [47-52]. There have also
been several reports on the anticancer properties of compounds bearing this ring system [53-54].
A very recent report deals with the apoptosis inducing effect of 5-methyl-3-phenyl-indole-2-
carboxylic acid benzylidene hydrazides. On the other hand, 4-thiazolidinones and their
spiroheterocyclic analogs have been reported to exhibit antibacterial, antifungal and anti-
mycobacterial activity [55-62]. Furthermore 2-aryl-4-oxothiazolidin-3-yl amides have been
reported to demonstrate anti-proliferative activity in prostate cancer [63]. As a consequence of
this research and with the aim of obtaining new and more potent anti-tuberculosis and antitumor
compounds which can improve the current chemotherapeutic anti-tuberculosis and antitumor
treatments. Reverse transcriptase (RT) is a key enzyme which plays an essential and
multifunctional role in the replication of the human immunodeficiency virus (HIV) [64] and thus
represents an attractive target for the development of new drugs useful in AIDS therapy [65]. RT
i1s necessary for the catalytic transformation of single stranded viral RNA into the double-
stranded linear DNA which is integrated into host cell chromosomes. Non-nucleoside RT
inhibitors (NNRTIs) bind in a noncompetitive manner to a unique site on the enzyme, altering its
ability to function and achieving a highly selective suppression of HIV-1 replication with little
cytotoxicity [66]. X-ray crystallographic studies of NNRTI/ RT complexes have shown that the
NNRTIs, unlike their structural diversity, present a very similar conformational “butterfly-like”
shape [67]. Presently, three NNRTIs, namely nevirapine, delavirdine, and efavirenz are available

in clinical practice. Combination of these drugs with nucleoside RT inhibitors and protease



inhibitors leads to a dramatic decrease of the viral load in most of the HIV-infected patients.
However, in view of the increasing incidence of resistance to current drug regimens and the
frequency of adverse events, the development of novel, selective, potent, safe, inexpensive
antiviral agents, that are also effective against mutant HIV strains, remains a high priority for
medical research. In previous papers [68] we reported a series of 1-aryl- 1H,3H-thiazolo [3,4-a]
benzimidazoles (TBZs) (Compound- 2), which proved to be highly active as HIV-1 NNRTIs.
Extensive structure-activity relationship (SAR) studies were performed, and specific
requirements were observed with regard to the structural determinants for optimum anti-HIV
activity. The C-1 substituent plays a decisive and crucial role in the interaction of TBZ
compounds with the target HIV-1 RT: in particular a 2, 6-dihalo-substituted phenyl ring at C-1
gave a large improvement in potency. The author have also demonstrated, by Comparative
Molecular Field Analysis (CoMFA) and flexible docking experiments [69], that the biological
activity of TBZs is associated with their ability to assume a “butterfly-like” conformation,
analogously to other NNRTIs. In particular, the plausible pharmacophoric elements for TBZs
were found to be the benzene fused ring, the aryl group at C-1, and the nitrogen atom of the
thiazole nucleus. Using the thiazolobenzimidazole system as a scaffold, they designed 2, 3-
diaryl-1, 3-thiazolidin-4-one derivatives as new NNRTIs. The opening of the imidazole nucleus
allowed us to keep the main molecular determinants responsible for potent enzyme inhibition. To
gain more specific information about the mechanism of action of NNRTIs, computational
methods have been used to map the drug-enzyme interaction zones and to identify the correct
binding mode of this new class of antiviral agents. A preliminary account of these results has
been reported [70].

Structure of TBZ Derivatives

R;
R, S
N
R1 ‘ /
N



Thiazolidin-4-ones are important compounds due to their broad range of biological activities [71-
77]. Overviews of their synthesis, properties, reactions and applications have been published [78-
79]. 2-Imino-thiazolidin-4-ones have been found to have antifungal activity [80-82], and a
convenient method for synthesis involves the reaction of 2-haloacetamides with potassium
thiocyanate to produce 2-imino-thiazolidin-4-ones. The R-N group at the 3-position of
thiazolidin-4-ones may be varied to be alkyl, aryl, heterocyclic groups etc. It is also well known
that the thiazole moiety can be important for significant biological activity [83-86]. Chemical
alteration of bioactive component is one of the most common approaches in drug discovery with
enhanced therapeutic effect [87] and the wide incidence of the heterocyclics moieties in
bioactive natural products and pharmaceuticals has made them as central synthetic targets. Small
ring containing hetereocyclics atoms like nitrogen, sulfur and oxygen have been under
investigation for a long time because of their vital medicinal possessions and also gave to the
society from biological and industrial point which helps to understand life processes [88]. They
were also accounted as novel inhibitors of the Mur B enzyme, integral component in bacterial
peptidoglycan biosynthesis, at the low micro molar level [89]. In recent times, 2-aryl-4-
thiazolidinone has been synthesized and found to display potent selective anti-platelet activating
538 factors both in vitro and in vivo and anti inflammatory [90], antibacterial [91], anticancer
[92] and anti- HIV-1 activities [93]. Spiro heterocyclic compounds together with thiazolidine
moiety have antimicrobial activity [94]. Both pyrazolothiazole and thiazolopyrimidine moieties
have effective kinase modulators [95] and are used in pharmaceutical compositions [96]. The
second compound has analgesic and anti-Parkinson activities [97] and inhibits the growth of
parasite Trypanosoma cruzi [98]. Therefore, such medicinal properties associated with these
heterocyclic molecules turn into them as valuable structural units in drug research. These
findings encouraged us to synthesize various spiroheterocyclic derivatives of 4-thiazolidinone,
for the investigation of an antimicrobial activity profile. From this approach, the purpose of the
present communication encompasses the synthesis of series of new compounds having novel
spiro cyclohexanonethiazolidine system. Thiazolidinones, which belong to an important group of
heterocyclic compounds, have been extensively explored for their application in the field of medicine.
Thiazolidinones, with a carbonyl group at position 2(I), 4(II), or 5(II) have been subjects of extensive
study in the field of 4-thiazolidinones. Numerous reports have appeared in the literature, which high light
their chemistry and use. 4-Thiazolidinone derivatives of thiazolidinone with carbonyl group at 4-

position(Il) substituent in 2, 3- and 5 position may be varied but the greatest different in structure and
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properties is exerted by the group attached to carbon atom at the 2- position and to N atom at the 3-
position. 4-Thiazolidinones play a vital role due to their wide range of biological activities and
industrial importance. 4-Thiazolidinones are always being an attraction point for researchers
because of its efficiency towards various pharmacological usages. The enhanced prevalence of
infectious diseases threatens world population. Although tuberculosis appeared as a curable
disease for years, it is regaining importance due to the multidrug resistance [99]. Worldwide
statistics on tuberculosis surprisingly reveals that, nearly one—third of the world’s population is
infected with tuberculosis, with approximately eight million new patients every year. A major
issue is the increase of multi-drug resistant tuberculosis (MDRTB) giving raises to the disease
expensive and incurable especially in immune efficient subjects such as AIDS patients.

Studies of 4-thiazolidinone derivatives

Hence, there is an increased demand to develop new anti-tuberculosis agents effective against
pathogens resistant to current treatment. The derivatives of 4-thiazolidinone nucleus have
occupied a unique place in the field of medicinal chemistry due to wide range of biological
activities like antibacterial, anti-tubercular, anticancer, anticonvulsant and antifungal. They have
interesting activity profiles mainly cox-1 inhibitors, inhibitors of bacterial enzyme, non
nucleoside inhibitors of HIV Type 1 Reverse Transcriptase (HIVRT) and antihistaminic agents
[100]. 4-Thiazolidinones are derivative of thiazolidinone with carbonyl group at the 4th position
and formed by the attack of sulphur nucleophile on imine carbon followed by intramolecular
cyclisation with elimination of water. Recent studies on molecular modification of the latter 1H,
3H-thiazolo [3, 4-a] benzimidazoles (TBZs) revealed that, dismantling of the imidazole nucleus
leading to the design of new 1, 3-thiazolidin-4-one derivatives, maintained the molecular
requirements for enzyme inhibition [101]. According to Andres et al. [102] 4-Thiazolidinones
may be considered as phosphate bioisosteres and therefore, inhibit the bacterial enzyme MurB,
which is involved in the biosynthesis of peptidoglycan layer of the cell wall. In addition, some
thiazolidinones were recently reported as novel inhibitors of mycobacterial rhamnose synthetic
enzymes [103]. This new approach is believed to be selective as thamnose, which is not found in
humans has been shown to be essential for mycobacterial cell wall synthesis. Non-steroidal anti-
inflammatory drugs (NSAIDs) are one of the oldest and most widely used groups of drugs today
[104] . There are more than 20 original mono component NSAIDs, about 200 generics and a

significant number of combined drugs and their generic versions at the Ukrainian pharmaceutical
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market [105]. However, the problem of searching and creating new NSAIDs remains open,
primarily to eliminate gastrointestinal, cardiovascular and renovascular risks in their long-term
use [106-108] . Drugs affect the cellular metabolism of arachidonic acid, which is a substrate for
the synthesis of active intracellular intermediates, eicosanoids, leukotrienes and others, and is the
key mechanism for therapeutic and adverse effects of different classes of NSAIDs [109] .
Organic compounds from different classes [110-112] , including 4-thiazolidinone derivatives
[113-116], can change the phospholipase A2 activity blocking the process of arachidonic acid
releasing from cell membranes phospholipids; selective and non-selective inhibit
cyclooxygenases types 1 and 2 (COX-1 and COX-2) and thus prevent the arachidonic acid
transformation to eicosanoids; inhibit 5-lipoxygenase (5-LOX) preventing the arachidonic acid
conversion to leukotrienes; demonstrate multi activity against the enzyme systems (COX-2/5-
LOX dual inhibitors), etc. According to the modern concepts PPAR-receptors play an important
role in the cellular mechanisms of inflammatory processes [117]. It is known that 4-
thiazolidinones are “classic” high affinity legends’ for PPARy-receptors [118] .The systematic
research in the field of potential NSAIDs synthesis and screening among 4-thiazolidinone
derivatives is the priority direction for the research group of the Department of Pharmaceutical,
Organic and Bioorganic Chemistry at Danylo Halytsky Lviv National Medical University [119-
124]. The qualitative and quantitative “structure — anti-inflammatory activity” databases obtained
for 4-thiazolidinones allow to carry out the rational structural design of the 4-thiazolidinone
“core” for searching new potential NSAIDs. The aim of this research was the synthesis of 5-
ylidene-4-thiazolidinones from 2-(4-R-2-formylphenoxy)-N-(R’-phenyl) acetamides, as well as
the study of their anti-exudative activity and acute toxicity. Resistance of pathogenic bacteria to
available antibiotics is quickly becoming a major problem in the community and hospital based
healthcare settings. The search for novel agents to combat resistant bacteria has become one of
the most important areas of antibacterial research today [125]. Recently reported that substituted
thiazolidinones inhibit the MurB enzyme, integral component in bacterial peptidoglycan

biosynthesis, at the low micromolar level [126-127]. Mercaptoimidazole derivatives have also
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been reported to show bactericidal and fungucidal activity = [128-129]

o S \

3 —
\
Structure of enzyme inhibitor (IC, =12 pM) MurB

In view of the above considerations and in continuation of their previous work on imidazoles,
thiosemicarbazides and thiazolidinones of pharmaceutical interest [130-131], they report here on
the synthesis, characterization and antimicrobial evaluation of new 1-(4,5-diphenyl-1H-
imidazole-2-yl)mercaptoacetyl-4-alkyl/aryl-3-thiosemicarbazides and  2-[(4,5-diphenyl-1H-
imidazole-2-yl)mercaptoacetyl|hydrazone-3-alkyl/aryl-4-thiazolidinones derivatives featuring a
imidazole nucleus.

Physical Properties:

The 3-unsubstituted 4-thiazolidinones are usually solids, often melt with decomposition, but the
attachment of an alkyl group to the nitrogen lowers the melting point. The 4-thiazolidinones that
do not contain aryl or higher alkyl substituents are somewhat soluble in water. Considerable
confusion concerning the structure of 4-thiazolidinones exists in the early literature and
noncyclic formulas were at first proposed for pseudothiohydantoin and for rhodanine [132]. 4-
Thiazolidinones are derivatives of thiazolidine with a carbonyl group at the 4 position [133].

Substitution is possible at 2, 3 and 5 position. Various optical and geometrical isomers are
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reported in the references [134]. A series of regioselective isomers has been reported in some
works [135, 136]. The carbonyl group of 4- thiazolidinone is highly unreactive. But in few cases
4-thiazolidinone on reaction with Lawesson’s reagent gives corresponding 4-thione derivatives
[137]. A detail study of tautomerism in 2- imnothiazolidine-4-one has been done by Akerblom E.
[138].

Syntheses of 4-thiazolidinones:

Several methods for syntheses are available in literature which involves conventional one pot,
two pot synthesis [139,140] and microwave as well as combinatorial syntheses methods. The
dithiocarbamates formed by the reaction of primary amine with carbon disulfide in the presence
of base react with haloalkanoic acid in the presence of NaHCO3 to give substituted 2-thiono-4-

thiazolidinones as presented in the bellow.

R, 0
II;II SR OH g S\)}\
1
R T + X — > T OH Rrix
S 0 S

7
6
4 5

N-R

The synthesis of 2-imino-4-thiazolidinones has been reported by using thiourea and sodium salt
of labeled monochloroacetic acid [141]. Another method of synthesis of 4- thiazolidinones is by
use of thiocyanate, alkyl isothiocyanate with hydrazide/ acetamide followed by the treatment
with ethyl bromoacetate and sodium acetate [142]. Schiff’s bases obtained by the condensation
of ketones and amines also react with mercaptoacetic acid to give 2, 2-disubstituted-4-
thiazolidinones [143]. Desai KR et a/ [144] has carried out the microwave assisted synthesis of

thiazolidinone from the Schiff’s bases by using thiolactic acid. The products were synthesized by
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conventional and microwave synthesis and the yield were compared with each other. They

concluded that the percent yield with the microwave irradiated synthesis was better than the

b

conventional.

Cl
9  CH;
Cl
Conventional 15-16 hr
) ) SHCH(CH;)COOH
Microwave 6-7 min
0]
N
N
S
S
CHj;
Cl
Cl
10
NH
NH
CHO
8 (0]
1)DBU,CHCl,

2)Thiourea

>
3)NaOH, H,O0,DME
53%
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Attempt to synthesize combinatorial libraries of 4-thiazolidinones are present in the literature as
reported by Look GC et al [145]. HPLC and Mass spectroscopic analysis were done for checking
the purity and assure the quality derivatives [146]. Recently library of more than 42,000
compounds were synthesized by encoding 4- thiazolidinone library on solid phase. Three sets of
35 building blocks were combined by encoded split-pool synthesis to give a series of compounds
[147]. One pot three component synthesis containing aldehyde, thiourea and chloroform to give
2-amino- 4-thiazolidinone derivatives was also reported [148]. Various imino thiazolidinones
were developed by using different reagents with different reaction conditions.

Use of task specific ionic liquid as synthetic equivalent of ionic liquid phase matrices for the
synthesis of small library of 4-thiazolidinone is also possible. Ethylene glycol is functionalized in
good yields with 4- (formylphenoxy) butyric acid by using DCC/ DMAP catalyst. The synthesis
was performed by one pot three component condensations under microwave dielectric heating
[149,150]. Lot of work has been done on the microwave dielectric heating based techniques
either one step three components or two step processes [151-155]. Microwave method is the
easiest and rapid method of synthesis. The yield of product obtained was better than the
conventional technique. Generally environmentally benign catalysts were used for the synthesis

which helps in the less pollution and lower wastage of the reagents.

Spectral study

Ultra violet spectra The U. V. spectral study in tabular form was present in earlier literature
Reviews [132,138]. The ultraviolet absorption spectra of a series of 2-(arylimino)-4
thiazolidinones containing electron donor and electron acceptor substituent’s in the phenyl ring
were studied [156]. When substituents are present in the paraposition of the phenyl ring, the
position of characteristic thione absorption is shifted. UV spectra of the 5-arylazo derivatives of
thiazolidin-4-one 5-phenylazo-2-phenyliminothiazolidin-4-one were synthesized in the literature
[157]. The displacement of the absorption maximum of the N=N group to the long wave part of
the spectrum by 42 nm in the spectrum of 5-arylazo derivative of substituted compound caused
by the presence of a nitro group in the chain of conjugated double bonds with the azo group is a

confirmation of the existence of the compound in the azo form.
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Infrared Spectra

The infrared spectra of 4-thiazolidinones are helpful in determining the structure of the
compounds. It is also useful in the determination of configuration of cis and trans isomers [158].
The cis isomer is favored when H-bonding is otherwise impossible. In other circumstances the
trans isomer is the stable form [159]. The carbonyl peak [160] in the 2-alkyl-4- thiazolidinone
was somewhere around 1680-1740 cm™, Characteristic N-H stretchingl was in the range of
3100-3400 cm™.

NMR spectra

Both 'H and '>C NMR are important so as to confirm the structure of the derivatives and are also
useful in regioselective synthesis of isomers. Some articles describe '"H-NMR spectroscopic
study as a method to distinguish between the intermolecular and intramolecular hydrogen
bonding in (Z)-2-(5-ethoxycarbonylmethyl-4-oxothiazolidin-2-ylidene)-1-phenylethanone, being
an example of the thiazolidinone series [161]. Ferrocenyl-thiosemicarbazones and their S-
methylated derivatives can be used for the synthesis of a variety of novel ferrocenyl-substituted
S,N- and N,N-heterocycles the intermolecular S—O and S—N close contact interactions seem to
be governing factors in the cyclization reactions of thiosemicarbazone-reagents which is
described with the help of °C and '"H NMR [162]. A series of substituted 4-thiazolidinones in
CDCI; were synthesized. The chemical shift and C, H spin coupling constants are given [163].
Mass Spectra

The molecular ion peaks in the mass spectrum of 2-imno-4-oxothiazolidinyl-5-acetatehave been
assigned [164]. Various spirothiazolidinones and fatty acid chain-substituted thiazolidinones
were synthesized and characterized. In contrast to spirothiazolidinones in which the parent peaks
usually are the base peak, fatty acid chain-substituted thiazolidinones showed very low intensity
M" peaks two significant peaks m/z 42 and 43, of comparatively moderate intensity are also
observed in the spectra of all the three thiazolidinone [165]. N-tryptophyl-4-thiazolidinones and
Ntryptophyl-5-benzylidene-4-thiazolidinones were synthesized and possible fragmentation
patterns of these compounds by electron impact mass spectrometry was reported [166]. All

compounds have shown the same base peak at m/z 143.
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Pharmacological uses of 4-thiazolidinones

Anti-HIV activity

The anti-HIV activity of several series of 2, 3-diaryl-1, 3-thiazolidin-4-ones has been studied.
Which are reported as a new family of antiviral agents acting as NNRTIs with minimal

cytotoxicity [167-169].

2,3-diaryl-1,3-thiazolidin-4-ones
2-adamantyl-substituted thiazolidin-4-ones were synthesized and evaluated for activity against

HIV-1 (IIIB) and HIV-2(ROD) in CEM cell cultures, by taking Nevirapine as reference

|
@ e

2-adamantyl-substituted thiazolidin-4-ones as Anti-HIV agent

compounds [170].

Some researchers reported 2-(2, 6-dibromophenyl)-3-heteroaryl-1, 3-thiazolidin-4-one
derivatives as shown in the compound (15). A positive correlation between size of the halogen

substituent and HIV-RT inhibitory activity was taken as logic for the synthesis [171].
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2-(2, 6-dibromophenyl)-3-heteroaryl-1, 3-thiazolidin-4-one derivatives
Microwave-assisted synthesis of 2, 3- diaryl-1, 3-thiazolidin-4-ones was performed in order to
achieve striking reductions in reaction times, better yields, cleaner reactions [172].
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Microwave-assisted synthesis of 2, 3-diaryl-1, 3-thiazolidin-4-ones
Recently prediction of Anti-HIV activity of 1, 3, 4-thiazolidinone derivatives were made on the
basis of QSAR. CoMFA and CoMSIA were the two models used for the analysis. Based on the
structures and biodata of previous thiazolidinone analogs, 3D-QSAR studies have been
performed with a training set consisting of 96 molecules [173].
Anticonvulsant activity
Number of articles were found for the anticonvulsant potential of 4- thiazolidinones where
substitution on 2, 3, 5 positions were done. Most of the compounds were found to exhibit

protection against pentylenetetrazole induced seizures [174-179]. Researchers reported the

synthesis, characterization, and anticonvulsant evaluation of new N,N'-bis(arylidene) dihydrazide
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and bis(4-thiazolidinone)  derivatives. Up to 90% protection was observed in the

pentylenetetrazole seizure [180].
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Bis(4-thiazolidinone)
Synthesis of newer thiadiazolyl and thiazolidinonyl quinazolin-4(3H)-ones was done in 2002 by
Archana, kumar A [181]. The compounds were screened for their anticonvulsant activity and
were compared with the standard drugs, phenytoin sodium, lamotrigine and sodium valproate.
Out of the 30 compounds the most active compound was 3-({4-[2-(m-methoxy-hydroxyphenyl) -
4-0x0-1, 3-thiazolidin-3-yl]-1, 3, 4-thiadiazol- 2-yl}-methylamino)-2-methyl-6-
bromoquinazolin-4(3H)-one. Recently anticonvulsant activity of clubbed Thiazolidinone-
barbituric acid and thiazolidinone-triazole derivatives have been reported [182]. The compound
in, substituted with different phenylthiazolidinonyl amino moieties at the 5 position of barbituric
acid, has shown varying degrees of anticonvulsant activity. While 3-(2-chloroacetyl)-2-

arylimino-5-[(Z)-arylmethylidene]-1, 3- thiazolan-4-ones on treatment with 5-(1- phenoxyethyl)-
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4H-1, 2, 4-triazole-3-thiol in identical conditions provided a set of bulkier derivatives which

have also shown the anticonvulsant potential.
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Antimicrobial activity
2-(ptolylimino)-3-(4-tolyl)-5-[5-(3,4-dichlorophenyl)-2-furylidene]-4-thiazolidinone and
derivatives as an antimicrobial agents were screened in vitro for their antimicrobial activity
towards variety of bacterial strains such as B. mega, S. aureus, E. coli, P. vulgaris and fungi
such as Aspergillus niger at a concentration of 40 g/L. and in conclusion remarkable inhibition

were observed in compounds bearing R=phenyl, 2-methoxyphenyl, 2-methylphenyl, 3-
methylphenyl 4-nitrophenyl substituents [183].

Cl / \ "r

cl 21 0
2-(p-tolylimino)-3-(4-tolyl)-5-[5-(3, 4-dichlorophenyl)-2-furylidene]-4-thiazolidinone
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Various 5-substituted 5-(N, N-disubstituted aminomethyl)-2-[(4-carbethoxymethylthiazol-
2-yl)imino]-4-thiazolidinones were screened for their in vitro antibacterial activity against
Staphylococcus aureus ATCC 6538, Staphylococcus epidermidis ATCC 12228, Escherichia coli
ATCC 8739, Klebsiella pneumoniae ATCC 4352, Pseudomonas aeruginosa ATCC 1539,
Salmonella typhi, Shigella flexneri and Proteus mirabilis ATCC 14153 using disk diffusion
[184].
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Desai, K. G. and Desai, K. R. have synthesized five membered sulfur containing heterocyclic
derivatives 2-(aryl)-3-[2-(benzothiazolylthio)- acetamidyl]-4-oxo-thiazolidines. All the
compounds have been screened for their antibacterial activity against Escherchia coli (Gram™°),

Staphylococcus aureus and Bacillus substilis (Gram ") [185].
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Several derivatives of 2-aroylimino-3-arylthiazolidin-4-ones were prepared and were screened
for antimicrobial activity by Saeed A [186]. The compounds were characterized by spectroscopic

techniques and molecular structure is shown in the following figure.
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Molecular structure of 2-aroylimino-3-arylthiazolidin-4-ones
A series of 2-(substituted phenyl)-3-[4- (2, 4-dichloro-5-fluorophenyl)-6- (2-thienyl) pyrimidine-
2-yl-ureido]-5H/ methyl/carboxymethyl-4-thiazolidinones were prepared. All the derivatives
were screened for antibacterial activity [187]. Number of other researchers also synthesized and

screened 4-thiazolidinone derivatives for antimicrobial potential [188-194].
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Follicle stimulating hormone (FSH) receptor agonist activity

Follicle stimulating hormone (FSH) is a 38 kDa protein that triggers maturation of ovarian
follicles in women and spermatogenesis in men. It is released from the anterior pituitary gland,
following stimulation by gonadotropin releasing hormone (GnRH), and serves as the naturally
occurring agonist of the FSH receptor. Yanofsky have shown the allosteric activation of FSH
receptor, by screening unbiased combinatorial chemistry libraries of thiazolidinone derivatives
(Fig), using a cAMP responsive luciferase reporter assay [195]. They also have shown that
discrete modifications in the chemical structure of the thiazolidinone agonists produced
compounds with different pharmacological properties [196]. This was done by preparing

substituted 5-alkyl [197], Gama lactam substituted [198] 4- thiazolidinone derivatives.
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Maclean et al. reported the FSH agonist activity of an encoded 4-thiazolidinone library [199].
Among the hits discovered in these studies was compound 2-chloro-4- [5-{[2-(3H-inden-1-yl)-
ethylcarbamoyl] -methyl}-2-(4-methixyphenyl)-4-oxothiazolidin-  3-yl]-benzamide, which
possessed moderate FSH receptor agonistic activity [200].

Anti cancer activity, antiproliferative activity
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Ten cytoselective compounds have been identified from 372 thiazolidinone analogues by
applying iterative library approaches. These compounds selectively killed both non-small cell
lung cancer cell line H460 and its paclitaxel-resistant variant H460taxR at an IC50 between 0.21
and 2.93M while showing much less toxicity to normal human fibroblasts at concentrations up to
195 M. A pharmacophore derived from active molecules suggested that two hydrogen bond

acceptors and three hydrophobic regions were common features [201].
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Gududuru have synthesized a series of 2-aryl-4-oxothiazolidin-3-yl amides and were evaluated
for ability to inhibit prostate cancer cells. Few potent compounds were detected, which were
effective in killing prostate cancer cells with improved selectivity compared to serine amide
phosphates [202]. Various 4-thiazolidinone derivatives were synthesized for in vitro
antiproliferative activity on five cell lines of human colon cancers, obtained from the American
type culture collection [203-207]. Thiazolidinone amides, carboxylic acids, serine amides were
synthesized and tested for possible anticancer activity [208].

Anti-inflammatory activity

Sparatore F has synthesized aromatic Schiff bases and 2, 3-disubstituted-1, 3- thiazolidin-4-one
derivatives as anti-inflammatory agents. Both types of compounds displayed good level of
activity against carrageenan induced edema in rat hind paw, while only moderate activity was

observed in the writhing test in mice [209].
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Kumar A have synthesized 3-[4’-(pchlorophenyl)- thiazol-20-yl]-2-[(substituted azetidinone/
thiazolidinone)-aminomethyl] - 6- bromoquinazolin -4- ones . Some of the compounds have

shown satisfactory anti-inflammatory activity [210].

Suas

A, =

A series of 4-thiazolidinone compounds, represented by LY178002 (5-[3,5-bis (1,1

2

dimethylethyl)- 4- hydroxyphenyl] methylene-4- thiazolidinone), have been described as potent
inhibitors of cyclooxygenase and 5-1lipoxygenase, also an inhibitor of phospholipase A 2 and
cellular production of LTB4 by human polymorphonuclear leukocytes (PMNL). The results
indicate that LY 178002 is more effective in suppressing bone damage than the edema [211].
Ottana et al investigated 3, 3-(1, 2- ethanediyl)-bis[2-aryl-4-thiazolidinone] derivatives, which
showed interesting stereo selective anti-inflammatory/ analgesic activities, suggesting that they

might preferentially interact with inducible COX-2 isoform [212]. Synthesized 2-imino-4-
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thiazolidinones and 5-arylidene- 2-imino-4-thiazolidinones were tested for in vivo anti-
inflammatory activity in models of acute inflammation such as carrageenan-induced paw edema
and pleurisy assay in rats [213,214]. All derivatives exhibited significant activity levels. In
addition, the ability of such a new class of anti-inflammatory agents to inhibit COX isoform was
assessed in murine monocyte/ macrophage J774 cell line assay. Newbould studied the anti-
inflammatory activity of 2-[(butoxycarbonyl) methylene]-4-thiazolidinone. The compound was
found to be devoid of activity against most models of acute inflammation. However it partially
inhibited Carageenan induced edema in the rat and prevented completely the development of
secondary lesions in the rats injected with adjuvant in the footpad [215]. Geronikaki AA et al
[216] has performed computer aided discovery of anti-inflammatory potential of 4-

thiazolidinones by using PASS (Prediction of Activity Spectra for Substances).

CFTR inhibitor

The cystic fibrosis transmembrane conductance regulator (CFTR) is a cAMP-regulated chloride
channel, which when mutated can produce the hereditary disease cystic fibrosis. CFTR inhibition
is a potential strategy for therapy of secretary diarrheas [217]. Tonghui Ma [218] has shown that
the 4- thiazolidinones also have CFTR inhibitory potential. The purpose of the study was to
identify high affinity CFTR inhibitors for application to studies of CF disease mechanisms and to
the treatment of secretary diarrheas. The primary screening of 50,000 diverse compounds
identified a small set of putative inhibitors of the 2-thioxo-4- thiazolidinone compound classes.
These compounds were unrelated structurally to known CFTR activators and to the CFTR
inhibitors diphenylamine-2 carboxylate (DPC), S5-nitro-2(3-phenylpropyl-amino) benzoate
(NPPB) and glibenclamide. The most potent CFTR inhibitor identified by screening of library of
structural analogs had a K1 of about 300nM for inhibition of CI current in human airway cells.
Inhibition was rapid, reversible and voltage dependant. Sonawane ND [219], have synthesized
thiazolidinone 3-[(3-trifluoromethyl) phenyl]-5-[(4-carboxyphenyl) methylene] - 2-thioxo-4-
thiazolidinone (CFTRinh-172) which inhibits cystic fibrosis transmembrane conductance
regulator (CFTR) chloride channel conductance with sub-micromolar affinity and blocks cholera
toxin-induced intestinal fluid secretion. Greatest CFTR inhibition potency was found for 3-CF3
and polar group-substituted-phenyl rings, and a thiazolidinone core. Two compounds with CFTR

inhibition potency and solubility >180 IM (>10-fold more than CFTRinh-172) were identified:
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Tetrazolo-172, containing 4-tetrazolophenyl in place of 4-carboxyphenyl, and Oxo 172,
containing thiazolidinedione in place of the thiazolidinone core. The same researchers and their
co workers have shown the CFTR inhibitory activity of thiazolidinone derivatives using
computational as well as conventional methods [220, 221].

Miscellaneous uses

Apart from pharmacological applications the 4-thiazolidinones have also been used in synthesis.
One of the most older use was in the synthesis of merocyanine dyes which extend the sensitivity
of silver halide emulsions to wavelengths within the visible region of the spectrum. Pawelczyk A
and Zaprutko L have synthesized the 4-thiazolidinone derivatives by microwave method as a
new fragrant substances and unsaturated analogs of jasmines [222]. The npentylamine was
mixed with acetaldehyde. The mixture was stirred at room temperature under condenser. After 1
h ethyl thioglycolate (or thioglycolic acid) was added. Reagents were irradiated for 5 min with

160 W by microwaves in a flask with condenser and further treated with ethyl acetate.

Microwave assisted jasmine analogues.

Thiazolidines have been shown to possess various remarkable biological activities such as
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analgesic, amoebicidal, nematocidal, anaesthetic, mosquito- -repellent, anti-HIV, antitubercular,
EGFR and HER-2 kinase inhibitor [223], antiproliferative [ 224, 225] etc. Phenothiazine is also a
bioactive heterocyclic compound of pharmaceutical importance and possesses different
biological activities viz. antibacterial [226, 227], antifungal [228], antitubercular [229] and anti-
inflammatory [230]. In the present study, compounds 35, 36, 37, 38 and 39 were synthesized
from compound 34. The starting material, phenothiazine with 1-bromo-3-chloropropane un-
derwent a nucleophilic substitution reaction yielding 10-(3-chloropropyl)-10Hphenothiazine,
compound 35. Compound 35 on reaction with urea afforded N-[3- (10H-phenothiazin-10-yl)
propyl] urea, compound 36. Compound 36 on reaction with several selected substituted
benzaldehydes underwent a condensation reaction to afford N-[3-(10H-phenothiazin-10-yl)
propyl]-N’-[(substituted phenyl) - methylidene] urea, compounds 37. The reaction of thioglycolic
acid with compounds 37 in the presence of anhydrous ZnCl, gave new heterocyclic compounds
N-[3-(10H-phenothiazin-10-yl)propyl]-2-(substituted phenyl)-4-oxo-3-thiazolidinecarboxamide,
compounds 38. Compounds 38 on treatment with various selected substituted benzaldehydes in
the presence of C,HsONa underwent a Knoevenagel condensation reaction to yield the final
products N-[3-(10H- -phenothiazin-10-yl)propyl]-2-(substituted phenyl)-4-oxo-5-(substituted
benzylidene)- 3-thiazolidine-carboxamide, compounds 38. The structures of all the newly
synthesized compounds 35, 36, 37, 38 and 39 were confirmed by IR, lH—NMR, BC-NMR and
FAB mass spectroscopy and by chemical analysis. All the above compounds were screened for
their antimicrobial activity against some selected bacteria and fungi and antituberculosis activity

against Mycobacterium tuberculosis.
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Biological study

The antibacterial, antifungal and anti-tubercular activities of compounds 35, 36, 37, 38 and

39 were assayed in vitro against selected bacteria, i.e., Escherichia coli, Bacillus subtilis,
Staphylococus aureus, and selected fungi, Aspergillus flavus, Aspergillus niger and Candida
albicans H37Rv strain. The inhibition zone (mm) of compounds 35, 36, 37, 38 and 39

were determined using the filter paper disc diffusion method [226-228] (antibacterial and
antifungal activity) at two concentration of 50 and 100 ppm and the percentage activity of
compounds 35,36, 37, 38 and 39 were determined using the L. J. medium (conventional) method
(antitubercular activity) at 25 and 50 pg mL-1 and lower concentrations. Streptomycin and
griseofulvin were used as the standard for the antibacterial and antifungal activity, respectively,
and for the antitubercular activity, isoniazid and rifampicin were taken as standards. Tuberculosis
(TB) is one of the most common infections caused by Mycobacterium tuberculosis.

According to the World Health Organization (WHO), nearly 2 billion people, i.e. one third of the
world's population have been exposed to the tuberculosis pathogen [231]. Annually, 8 million
people become ill with tuberculosis [232]. The association of tuberculosis and HIV infections is
so dramatic that in some cases, nearly two- third of the patients diagnosed with the tuberculosis
are also HIV- seropositive [233]. There have been no new classes of TB drugs in 40 years.
Isoniazid continues to be the drug of choice for TB [234]. Moreover there has been a recent and
disturbing increase in the number of TB cases that are caused by organisms which are resistant to
the first-line drugs such as Isoniazid, Rifampicin, Ethambutol, Streptomycin and Pyrazinamide
[235]. On September 1, 2006, WHO announced that a deadly new strain of extensively drug
resistant tuberculosis (XDR-TB) had been detected in Tugela Ferry, a rural town in the South
African province of KwaZulu-Natal, the epicenter of South Africa's HIV/AIDS epidemic. Of the
544 patients studied in the area in 2005, 221 had multi-drug-resistant tuberculosis (MDR-TB).
Of these 221 cases, 53 were identified as XDR-TB [236], i.e., MDR-TB plus resistance to at
least three of the six classes of secondline agents [237]. The Global Alliance for TB Drug
Development (GATB) was established to address this need [238]. Its top priority is the
development of new agents that will shorten the duration of chemotherapy from the current 6—8
months to two months or less, although new drugs with activity against multidrug resistant

tuberculosis and latent TB are also needed. Gallic acid is a naturally occurring antioxidant. It
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occurs along with tannins. It possesses various biological activities like analgesic [239],
antineoplastic [240], anti-proliferative [241] and anti-inflammatory [242]. Keeping this in mind,
a large number of gallic acid derivatives were prepared in our laboratory and screened for
antimycotic activity.

Antitubercular activity

Antitubercular activity was evaluated against Mycobacterium tuberculosis H37 Rv ATCC27294
using well known Microplate Alamar Blue Assay method. Antitubercular susceptibility testing
was performed in black, clear-bottomed, 96-well microplates (black view plates; Packard
Instrument Company, Meriden) in order to minimize background fluorescence. Initial drug
dilutions were prepared in dimethylsulfoxide, and subsequent two fold dilutions were performed
in 0.1 ml of 7TH9GC media in the microplates. 100ml of 2000CFU/ml of Mycobacterium
tuberculosis H37 Rv in TH9GC were added to each well of 96 well microtitre plate containing
test compounds. Three control well plates containing drug and medium, bacteria and medium
and medium only were prepared and microtitre plates were incubated at 37°C. At day 7 of
incubation Alamar Blue dye solution (20 pl Alamar Blue solution and12.5 ml of 20% Tween 80)
were added to all the wells and plates were re-incubated at 37 °C for 24 hours. Fluorescence was
measured in a Victor II multilabel fluorometer (Perkin Elmer Life Sciences Inc., Boston) and

MIC was determined.
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Synthesis of novel thiazolidinone of Gallic acid

Tuberculosis (TB) remains as a major global health problem. It causes ill-health among millions

of people each year and ranks as the second leading cause of death from an infectious disease

worldwide, after the human immune deficiency virus (HIV). The latest estimates included in

WHO'’s report are; there were almost 9 million new cases and 1.4 million TB deaths in 2012(990

000 among HIV negative people and 430 000 HIV-associated TB deaths). Short-course regimens

of first-line drugs that can cure around 90% of cases have been available since the 1980s. The

World Health Organization (WHO) declared TB a global public health emergency in 1993.

Starting in the mid-1990s, efforts to improve TB care and control intensified at national and
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international levels. Globally, 3.7% of new cases and 20% of previously treated cases are
estimated to have MDR-TB. In 2010, the treatment success rate was 85% among all new TB
cases and 87% among new cases of sputum smear-positive pulmonary TB (the most infectious
cases). Improvement in treatment outcomes is needed in the European Region, where the
treatment success rate in 2010 was 74% and 67% for new cases and new smear positive cases
respectively. The provision of diagnosis and treatment according to the DOTS/Stop TB Strategy
has resulted in major achievements in TB care and control. Between 1995 and 2011, 51 million
people were successfully treated for TB in countries that had adopted the DOTS/Stop TB
Strategy, saving 20 million lives. In countries reporting age-disaggregated data, most cases
(88%) were aged 15-64 years. Children (aged <15 years) accounted for 6% of notified cases.
The male: female ratio was 1.7 globally, ranging from 1.1 to 2.2 among WHO six regions. There
are more than twenty drugs that are currently used for the treatment of TB and almost all of them
were developed some years ago. The drugs are used in differing combinations in different
circumstances, so that for example some TB drugs are only used for the treatment of new
patients who are very unlikely to have resistance to any of the TB drugs. There are other drugs
that are only used for the treatment of drug resistant TB.

The basic TB drugs (1* line drugs)

5 basic or 1% line TB drugs are;

Ethambutol is EMB or E,

Isoniazid is INH or H,

Pyrazinamide is PZA or Z,

Rifampicin is RMP or R,

Streptomycin STM or S

All the other TB drugs are generally referred to as “second line” or reverse TB drugs. Classical
drug discovery was solely based on observation of natural phenomena and consequences of
relieved distress. Latest scientific technologies have helped to understand the drug action
mechanism. Likewise the drug discovery procedures have changed. Computational chemistry
and molecular modeling have become an essential part and an emerging tool for research and
drug development process. The process of drug discovery is very complex and requires an

interdisciplinary effort to design effective and commercially feasible drugs. The objective of
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drug design is to find a chemical compound that can fit to a specific cavity on a protein target
both geometrically and chemically.

Molecular docking

Molecular docking is a computer simulation procedure to predict the conformation of a receptor-
ligand complex, where the receptor is usually a protein or a nucleic acid molecule (DNA or
RNA) and the ligand is either a small molecule or another protein. It can also be defined as a
simulation process where a ligand position is estimated in a predicted or predefined binding site.
The aim is to achieve an optimized conformation for both the protein and the ligand and relative
orientation between them such that the free energy of the overall system is minimized. The two
main stages of molecule docking are: a search stage that configures a certain number of possible
binding of given protein and ligand and a scoring stage that estimates binding affinity for given

protein, ligand, pose and conformations.
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Substituent details in synthesized compounds

COMPOUND R R’
45a,45b,45¢ 4-Cl 4-Cl
46a,46b,46¢ 4-Cl 4-OCH;
47a,47b,47c 4-Cl 3-NO,
48a,48b,48c 4-Cl 2-Cl
49a,49b,49¢ 4-F 2-Cl

Docking image of Mycobacterium tuberculosis protein enoyl ACP reductase
Antitubercular activity

The synthesized analogue 45c, 46¢c and 47cwas selected for anti-tubercular activity.
Mycobacterium tuberculosis H37Rv maintained in Lowenstein Jensen medium was used as the
test organism for antimycobacterial screening studies. The bacterial cultures were grown till mid-
log phase in the Middle brook 7H9 broth for Mycobacterium tuberculosis H37Rv. Stock
solutions of the test compounds were prepared at a concentration of 2 mg/ml. 50 pL of the mid-
log phase culture was added to 150puL of the media taken in microtitre plates. From the stock
solution of the compounds 45c, 46¢c and 47c was added to the wells to final concentration of 100,
250, 500 pg/ml. The control wells contained culture without any compound. All the tests were
done in duplicates. The plates were then incubated at 37°C for 7 days. After incubation 20uL of
Resazurin dye was added and change of colour, if any was noted. The control wells showed no
change of colour from pink. Those compounds which prevented the change of colour of the dye

from blue to pink were considered to be inhibitory. It was found that all the selected mannich
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base derivatives are active against Mycobacterium tuberculosis and from which 45¢ is more

active than 46¢ and 47c. The MIC was defined as of the compounds were given below.

Table : MIC values (pg/ml) of 45¢, 46¢ and 47¢

SI no: Compound MIC value
(1g/ml)
1 45¢ 25
2 46¢ 50
3 47c 50

Compounds of Coumarin derivatives:

Coumarin and its derivatives represent one of the most active classes of compound possessing a
wide spectrum of biological activity [243-245]. Novobiocin and chlorobiocin are established
antimicrobials containing a coumarin skeleton [246]. In addition, these compounds are used as
additives to food and cosmetics [247]. Coumarin derivatives are commonly used as optical
whiteners, luminescence dyes [248], active media for lasers [249] and solar collector [250].
Various analogues of 4- substituted coumarin such as 4-chlorocoumarins exhibit antimicrobial
activity. From the above line of reasoning we directed our work towards synthesis of various
coumarin derivatives of biological interest using 4-chloro coumarin as a key starting material.
The aim of the present work was to synthesize new thiazolidinone derivatives containing
coumarin moiety in order to find new biologically active compound. Thus, synthesis of novel 4-

Thiazolidinones derivatives have been achieved.
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Synthesis of thiazolidinone derivatives
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55

4-Chloro-3, 4', 3', 4" -tercoumarin

Antimicrobial activity

All the synthesized compounds were tested for their antibacterial and antifungal activity (MIC
minimum inhibition concentration) in vitro by broth dilution method with two gram positive
bacteria S. aureus and B. subtilis and gram negative bacteria E. coli, P. aeruginosa, and fungi
species like C. albicans, A. niger organisms taking ciprofloxacin, ampicillin, chloramphenicol,
norfloxacin, flucanazole, griseofulvin, and Nystatin. Muller Hinton broth was used as nutrient
medium to grow and dilute the drug suspension for test. DMSO was used as a diluent which not
effected the growth of microbes. All the newly synthesized compounds were screened for their
antimicrobial activity. From the result in table 18 Schiff base 53e showed excellent activity when
compared with ampicillin and chloramphenicol; while 54b, 54e, 54f and 54i demonstrated good
activity against E.coli and 54e, 54i significant activity against P.aeruginosa; while 53¢, 54b, 54e,
54i showed good activity against S.aureus and 54e and 54i demonstrated significant activity

against B.subtilis when compared with standard drug ampicillin.

SOME NEW 1,3, 4-THIADIAZOLE DERIVATIVES FOR THEIR ANTIMICROBIAL
ACTIVITIES:

The structures of imidazo [2,1-b] [1,3,4]thiadiazoles are closely related to the biologically
vibrant imidazo [1,3,4] thiazole heterocycles, in which the CH group in the thiazole ring is
substituted by the isosteric nitrogen atom, but their properties often possess marked differences.

The practically planar and rigid heteroaromatic imidazo [2, 1-b] [1,3,4] thiadiazole ring system
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may therefore have interesting physicochemical and biological properties, because of the
presence of four heteroatoms and two condensed heterocycles with different m-conjugation.
Thiadiazole play a prominent role in nature. For example, the thiazolium ring present in vitamin
B1 serves as an electron sink and its coenzyme form is important for thedecarboxylation of a-
keto acids p [251]. Thiazoles were reported to possess antimicrobial [252], analgesic [253], anti
inflammatory [254], anticancer [255], anti-tubercular [256], anthelmintic [257] & diuretic [258]
activities. Thiazoles are easilymetabolized by routine biochemical reactions and are non-
carcinogenic in nature [259]. In addition, pyrazoles are reported as anti-microbial [260],
analgesic [261], anti inflammatory [262], anti hypertensive [263], anti-depressant [264] and
anticancer [265] agents. Above observation prompted us to synthesize the title compounds (60-
66 and 69-72) with presumption that drug intermediates based on thiosemicarbazide with
various amines would produce novel thiadiazole derivatives with potent biological activities.
Their chemical structure was confirmed by IR, 'H NMR, and nitrogen estimation. These
compounds were screened for their antibacterial activity against two gram 've bacteria
(Staphylococcus aureus ATCC 9144, Becillus Cereus ATCC 11778 and two gram ~ve bacteria
(Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 2853) and antifungal
(Aspergillus niger ATCC 9029 and Aspergillus fumigatus ATCC 46645) activities by paper disc
diffusion technique.

Antibacterial activity

All the newly synthesized 1, 3, 4-thiadiazole derivatives were screened for their antibacterial and
antifungal activity. For antibacterial studies microorganisms employed were Staphylococcus
aureus ATCC 9144, Becillus Cereus ATCC 11778, Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 2853. For antifungal, Aspergillus niger ATCC 9029 and Aspergillus fumigatus
ATCC 46645 were used as organism. Both microbial studies were assessed by Minimum
Inhibitory Concentration (MIC) by serial dilution method. For this, the compound whose MIC
has to be determined is dissolved in serially diluted DMF Then a standard drop of the culture
prepared for the assay is added to each of the dilutions, and incubated for 1618 hrs at 37°c. MIC
is the highest dilution of the compound, which shows clear fluid with no development of
turbidity.

The structures of the synthesized compound were determined on the basis of their FTIR and 'H

NMR data. In vitro antibacterial activity data of 1, 3, 4-thiadiazole derivatives against tested
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organisms displayed significant activity with a wide degree of variation. It is found that
compound 60, 62 and 69 have shown significant antibacterial activity against gram positive
bacteria. Rest of the compounds has exhibited significant to substantial activity against the same
strain. Compound 62, 66 and 69 have shown highest activity against gram negative bacteria.
Substantial activity is achieved in case of compounds 62 against S. aureus, B. cereus, E. coli, P.
aeruginosa and the remaining compounds are significantly active against the same species. All
the 1, 3, 4-Thiadiazole derivatives have exhibited significant to moderate activity against gram
positive and gram negative bacteria. Derivatives 64 and 69 have exhibited substantial activity
against 4. niger and C. While derivatives 60, 66, 68 and 69 have shown higher activity against
A. fumigates. Comparatively weak to moderate activity has been reported by remaining
compounds. E. coli was found to be more susceptible than rest of the other strains of bacteria.
From in vitro antifungal activity, data reveals that all the newly synthesized compounds
displayed higher to week activity in comparison to standards. Thus, it is obvious from the
structure-activity profile of substituted 1, 3, 4-Thiadiazole derivatives; a small structural

variation may induce an effect on antibacterial activity.

COOH
NH,
NH2 - NH
Ethanol
+ NH,
Conc. HZSO4
S

Benzoic Acid Thiosemicarbazide 5-phenyl-1,3,4-thiadizol-2-amine
56 57 58

S-phenuyl-1, 3, 4-thiadiazole-2-amine
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5-phenyl-1,3,4-thiadizol-2-amine Pthalamide

¢}

58 59

5-phenyl-1,3,4-thiadizol-2-amine p-nitro aniline

58 61

NH,

N—N
/ >7 NH,
NH,
S
HCHO
+ —>

0-amino aniline

63

5-phenyl-1,3,4-thiadizol-2-amine
58
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2-{[(5-phenyl-1,3,4-thiadiazol-2-yl)amino]
methyl}-1H-isoindole-1,3(2H)-dione

60

N-(4-nitropheny 1)-N'-(5-pheny 1-1,3,4-thiadi
azol-2-yl)methanediamine
62

N H,N
Nl
H
Bas
S
HN

N-{[(5-phenyl-1,3.,4-thiadiazol-2-
yl)amino]methyl} benzene-1,2-diamine
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B 0

Lo . . 4-({[(5-phenyl-1,3,4-thiadiazol-2-yl)amino]
5-phenyl-1,3,4-thiadizol-2-amine 4-aminophenol methyl} amino)phenol
58 65 66

5-(substituted)-2-amino-thiadiazoles

COOH  NH,——NH /\
Ethanol
NH,
Conc. HZSO4
S

2-hydroxybenzoic acid Thiosemicarbazide 2-(5-amino-1,3,4-thiadiazol-2-yl)
67 57 phenol
68

2-(5-amino-1, 3, 4-thiadiazol-2-yl)phenol

0 N\ H
NH, | N—\
5 N
N HCHO HCHO
OH 0

@)
2-(5-amino-1,3 ,4-thiadiazol- Pthalamide 2-({[5-(2-hydroxyphenyl)-1,3,4-thiadiazol-
2-yl)phenol 2-ylJamino} methyl)-1H-isoindole-1,3(2H)-
9 dione
68 5 69
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2-(5-amino-1,3,4-thiadia
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z0l-2-yl)phenol

p-amino phenol amino)-1,3,4-thiadiazol-2-yl]phenol

68 65 72

5-(substituted)-2-amino-thiadiazole
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IN VITRO ANTICANCER ACTIVITY OF NEW THIADIAZOLINES AND
THIAZOLINONES CONTAINING A CHROMENYL SCAFFOLD

Malignant tumours represent one of the most serious threats against human health in the world,
and the clinical prognosis remains relatively poor [266]. In 2008, cancer accounted for
approximately eight million deaths worldwide [267] and the number of cases is expected to
increase by more than 45% in the next 20 years [268]. Genotoxic agents have long targeted
apoptotic cell death as a primary means of treating cancer [269, 270]. However, the presence of
cellular defects in many cancers has contributed to an acquired resistance to apoptotic cell death
[271, 272], thus lowering the effectiveness of chemo- and radiotherapies [269, 270]. Resistance
to anoikis, a programmed cell death that occurs upon cell detachment from the extracellular
matrix [273] is emerging as a hallmark of metastatic cancers that are resistant to conventional
therapies [274]. Therefore, it is necessary to identify novel types of compounds that overcome
the intrinsic resistance of cancer cells to pro-apoptotic stimuli by the induction of non-apoptotic
cell death (such as autophagy or necrosis [269]) or by cytostatic effects [275]. For example,
glioma is naturally resistant to pro-apoptotic stimuli [276] and therefore resistant to conventional
therapies: the pro-autophagic alkylating agent temozolomide has significant therapeutic benefits
for glioma patients [277, 278]. Similar observations can be made for melanoma [279, 280] and
oesophageal cancers [281].

Molecules containing nitrogen- and sulphur-related heterocycles (thiazole, thiazolidine,
thiazolinone, thiadiazoline) are considered important pharmacophores as they can possess
interesting biological activities. For example, thiadiazolines have antihelmintic, antihypertensive,
anticancer, anti-inflammatory, antibacterial, analgesic, and tyrosinase inhibitory activities [282].
Thiazolinones display hypoglycaemic, antibacterial, antifungal, anti-tuberculous, anti-HIV and
also antitumoural activities [283]. Chromones are a group of naturally occurring compounds that
are ubiquitous, especially in plants [284, 285]. In addition to forming the basic nucleus of an
entire class of natural products, the flavones, the chromone moiety forms an important
component of the pharmacophores found in many molecules with medicinal significance:
tyrosine and protein kinase C inhibitors, antifungal, antiallergenic, antiviral, antitubulin,
antihypertensive, and anticancer agents. Consequently, considerable attention is being devoted to

the isolation of these compounds from natural resources and partial versus complete syntheses of
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chromone derivatives as well as to the evaluation of their biologic activity [284, 285]. Herein we
report the synthesis and in vitro growth inhibition characterization of new thiadiazoline and
thiazolinone derivatives substituted with a chromen-3-yl or 3 chromenylmethylene moiety. We
screened six human cancer cell lines with various levels of resistance to pro-apoptotic stimuli to
investigate whether the compounds in the study are able to overcome this resistance. Three cell
lines display various levels of resistance to pro-apoptotic stimuli, i.e., the A549 non-small-cell-
lung cancer (NSCLC) [286, 287], the SKMEL-28 melanoma [288] and the U373 glioma [289,
290] cell lines. Two of the cell lines display actual sensitivity to pro-apoptotic stimuli, i.e., the
Hs683 glioma [290, 291] and the MCF-7 breast carcinoma [292] cell lines. The in vitro anti-
proliferative activity of each compound in the study has been determined using the MTT
colorimetric assay [288-291]. The three most potent compounds were further analyzed using
computer-assisted phase-contrast microscopy, i.e. quantitative video microscopy [293, 294].
Chemistry

Solvents were obtained from commercial sources. Analytical thin layer chromatography was
carried out on precoated Silica Gel 60F,s4 sheets using UV absorption for visualisation. The
melting points were taken with Electrothermal and MPM-H1 Schorpp melting point meters and
are uncorrected. The '"H NMR and >C NMR spectra were recorded at room temperature on a
Bruker Avance NMR spectrometer operating at 500 MHz and were in accordance with the
assigned structures. Chemical shift values were reported relative to tetramethylsilane (TMS) as
the internal standard. The samples were prepared by dissolving the powder of the synthesized
compounds in DMSO-ds (8= 2.51 ppm) and the spectra were recorded using a single excitation
pulse of 12 ps (‘"H NMR). GC-MS analyses were performed with an Agilent gas chromatograph
6890 equipped with an apolar Macherey Nagel Permabond SE 52 capillary column. Elemental
analysis was measured with a Vario El CHNS instrument. Deftermination of In Vitro Growth
Inhibition Activity in Human Cancer Cells. Seven human cancer cell lines were obtained from
the American Type Culture Collection (ATCC, Manassas, USA), the European Collection of
Cell Culture (ECACC, Salisbury, UK) and the Deutsche Sammlung von Mikroorganismen und
Zellkulturen (DSMZ, Braunschweig, Germany). These seven cell lines included the A549 non-
small-cell lung cancer (NSCLC; DSMZ code ACC107), the SKMEL-28 melanoma (ATCC code
HTB-72), the Hs683 oligodendroglioma (ATCC code HTB-138), the U373 (ECACC code
08061901), the T98G (ATCC; code CRL-1690) and U251 (ECACC code 09063001)
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glioblastoma and the MCF-7 breast cancer (DSMZ; code ACC115) cell lines. The cells were
cultured in RPMI (Lonza, Verviers, Belgium) culture medium supplemented with 10% heat-
inactivated foetal calf serum (Lonza), 4 mM glutamine, 100 pg/ml gentamicin and penicillin-
streptomycin (200 U/ml and 200 pg/ml; Lonza).The overall growth level of each cell line was
determined using the colorimetric MTT (3- [4,5-dimethylthiazol-2yl-diphenyl tetrazolium
bromide, Sigma, Belgium) assay as detailed previously [288-291]. The data are represented as
the mean values from one experiment with six replicates in each experimental condition.
Computer-Assisted Phase-Contrast Microscopy (Video-microscopy). The direct visualization of
the compound-induced effects on the cell proliferation and morphology was carried out by
means of computer-assisted phase contrast microscopy, i.e. quantitative video-microscopy, as
detailed elsewhere [293, 294].

Chemistry

Our synthetic routes to the target compounds 75a-l, 78 are shown in Schemes 12-13, the
synthesis of compound 70 being reported previously [295]. The structure of compound 6 is
presented in. The derivatives of chromenyl-4, 5-dihydrothiadiazoles 75a-1 were prepared by
reacting the obtained chromenyl-thiosemicarbazones 74a-1 with the cyclisation agent acetic
anhydride in the presence of small quantities of pyridine as a catalyst [292, 296, 297]. The
intermediate thiosemicarbazones 74a-l1 were obtained by a simple condensation between the 3-
formyl-chromones 75a,b and N4-substituted thiosemicarbazides in absolute ethanol using
concentrated sulphuric acid as catalyst [298,299]. The N4-substituted phenyl, methyl, allyl, 3-
trifluoro-methyl-phenyl, and 4- methoxy-phenyl thiosemicarbazides were obtained in good
yields (>90%) by the addition of hydrazine hydrate to phenylisothiocyanate,
methylisothiocyanate, allylisothiocyanate, 3-trifluoromethylphenyl- isothiocyanate and 4-
methoxyphenyl-isothiocyanate, respectively, with stirring in absolute ethanol at room
temperature for 3 h (3000). These thiosemicarbazides are also commercially available. The 5-
chromenyl-methylene-2-thioxo-4-thiazolidinone 77 was obtained by the condensation of 2-
thioxo-4-thiazolidinone with the 3-formyl-chromone 76 in glacial acetic acid at reflux and in the
presence of anhydrous sodium acetate. After isolation and purification, the obtained derivative
77 was alkylated with 2-iodoacetamide in the presence of anhydrous potassium hydroxide in

dimethylformamide at room temperature to obtain the novel N-substituted compound 78.
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The purity of the compounds was confirmed by TLC, and all new compounds were

characterized by m. p., elemental analysis and spectroscopic data ("H NMR, °C NMR, MS).

o) (0]
H H
X CHO X C=N—N—C—NH—Z
i S
—_—
74a-1
o) (0]
Y
Y 73a-b
ii
73a,X=CH,,Y=H
73b,X=CLY=H (|:OCH3
0 N/N\
X N—72Z
s© |
‘ COCH;
(0]
75a-1
Y

75a, X=CHs, Y=H, Z=CH, 75g, X=CHs, Y=H, Z=C4H, -4 -OCH,
75b X= CH3,Y H,Z C6H5 75h, X:CH3,Y H,Z C6H4 -3 CF3
75¢, X=CHs, Y=H, Z= CH2CH CH, 751, X=CHj, Y=H, Z=H
75d, X=Cl, Y=H, Z=CH 75j, X=Cl, Y=H, Z=H
75e, X=Cl. Y=H, Z=CqHs 75k, X=Cl, Y=H, Z=C(H, -4 -OCHj4
75f, X=Cl, Y=H, Z=CH,CH=CH, 751, X=Cl, Y=H, Z=C4H, -3 -CF;

chromen-yl-thiadiazoline derivatives 78a-1: (i) H,NNHCSNHZ/abs EtOH, reflux 3 h; (ii)
Ac,O/pyridine, reflux 4 h
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Br

76

chromen-yl-methylene-thiazolin-2-thioacetamide ; (i)
Thiazolidine-2-thioxo-4-one/AcOH, AcONa, reflux 3 h; (ii) ICH,CONH,/KOH, DMF, rt, 3 h

Cl
X i
N
N/Y

S

Cl

Chemical structure of compound 79

Characterization of in vitro anticancer activity

The data in Table 1 show that the most potent compounds displayed an in vitro 1C50 ranging
between 12 (78h) and 35 (781, 78k, 78j) uM, while the remaining compounds in the study
displayed weak or no (> 100 uM for 78i) in vitro growth inhibition activity. In fact, nine of the
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14 compounds in the study displayed an anti proliferative activity of < 100 uM against all cancer
cell lines that were analyzed. Compound 67h displayed the highest in vitro anticancer activity.

Structure Activity Relationship (SAR) analyses indicate that, of the two chemical series that
were investigated, the chromenyl-thiadiazolines displayed the highest in vitro anticancer activity.
With respect to the thiadiazoline derivatives (78a-1 compounds), the substitution of the exocyclic
amine with a substituted-phenyl moiety increased the in vitro growth inhibition of cancer cells,
3-trifluoromethyl-phenyl-derivatives (78h, 78 1) displaying the highest growth inhibition activity.
Thiazolinones 78 and 79 showed moderate growth inhibition activity against the cancer cell lines
that were analyzed in the current study. So, it seems that the presence of fluorine atoms induces
positive influences on the anti-proliferative activity of these compounds against cancer cells. The
data in Table 22 further reveal that the most potent compounds, i.e., 78h, 78j, 78k and 78 1,
display similar growth inhibition effects in cancer cells independently of whether these cells are
associated (A549 [287, 288], SKMEL-28 [289], U373 [290, 291]) or not associated (Hs683 [291,
2921, MCF-7 [293]) to various levels of resistance to pro-apoptotic stimuli. Compounds 78h, 78k
and 781 were further assayed by means of quantitative video microscopy. Compounds 78h and
781 induced morphological cytostatic effects in the human MCF-7 breast cancer and T98G
glioblastoma (data not shown) cell lines, while the compound 78k induced morphological
cytotoxic effects in both the human MCF-7 breast cancer and the T98G glioblastoma (data not
shown) cell lines. In fact, these three compounds induced cell death rates that ranged between 15
and 30% in both human MCF-7 breast cancer and T98G glioblastoma cells. Therefore, the
quantitative determination of cell death did not enable a clear distinction to be made between
78h- and 78l-related cytostatic effects versus effects from 78k. But that information was obtained
via morphological analyses. Indeed, the panels on the right in shows that 78h- and 78l-related
cytostatic effects parallel a delay in MCF-7 (and also T98G. data not shown) cell growth .while
78k-induced cytotoxic effects are paralleled by complete growth inhibition I MCF-7 breast

cancer and in T98G glioblastoma (data not shown) cells.
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Chapter 2

Experimental



2.1 Synthesis of 5(0-hydroxyphenyl)-2-amino-1, 3, 4-thiadiazole

COOH S
OH ||
Et-OH, Reflux /"~ 4@%
+ HyN—NH—C—NH Conc. HZSO4= \ / o NHp
OH
1 2 3

A mixture of thiosemicarbazide (0.01 mol, 0.91gm), salicylic acid (0.01mol, 1.38 gm) and
concentrated sulfuric acid (1.2 ml) in 10.8 ml of ethanol was taken in a round bottomed flux. The
reaction mixture was then stirred for one hour and 50 minutes under reflux condition. The
progress of the reaction was monitored by TLC. The reaction mixture was then poured into
crushed ice and the crude product was separated by filtration. The crude was then recrystallized
from ethanol. An off-white solid with 82% yield was obtained and the melting point was

recorded as (145-150 °C).

IR (KBr, cm™, Fig. 1) : 3380-3440 (O-H, phenolic), 3280-3360 (N-H, amine), 3120 (C-H,
aromatic), 1640 (C=N), 1553, 1480, 1440 (C=C, aromatic), 889 (C-S-C).
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Figure 1: IR spectrum of 5(0-hydroxyphenyl)-2-amino-1, 3, 4-thiadiazole
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2.2 Synthesis of 5(0-hydroxyphenyl)-2(benzylideneamino) -1, 3, 4-thiadiazole

H

Qrtm o 0 QO

A solution of 3 (0.002072 mol, 0.4 gm) and benzaldehyde (0.002072 mol, 0.219689 gm) in
ethanol was taken in a round bottomed flux and the mixture was refluxed for two hours in water
bath. The progress of the reaction was monitored by TLC. The reaction mixture was then poured
into ice water. A light yellow coloured precipitate was separated by filtration. The crude light

yellow product was then used for the next step reaction.

2.3 Synthesis of 5(0-hydroxyphenyl)-2(p-hydroxybenzylideneamino) -1, 3, 4-thiadiazole

H

G fP - QA

A solution of 3 (0.0020725 mol, 0.4 gm) and 4-hydroxybenzaldehyde (0.0020725 mol, 0.252849
gm) in ethanol was taken in a round bottomed flux and the mixture was refluxed for one and half
hour. The progress of the reaction was monitored by TLC. The reaction mixture was poured into
ice water. A light yellow precipitate was separated by filtration. The crude light yellow product

was then used for the production of thiazolidinone.
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2.4 Synthesis of 5(0-hydroxyphenyl)-2(p-chlorobenzylideneamino) -1, 3, 4-thiadiazole

CHO
<::2i—4f%i§§——NH2+| N\ _EtOH <::zi_4f&i§§__N——C——<::>——01
Cl
3 8 9

A solution of 3 (0.001554404 mol, 0.3 gm) and 4-cholorobenzaldehyde (0.001554404 mol,
0.21839376 gm) in ethanol was taken in a round bottomed flux and the mixture was stirred for
two and half hours at reflux condition. The progress of the reaction was monitored by TLC. The
reaction mixture was then poured into ice water. A white color precipitate was separated by

filtration. The crude white product was then used for the next step reaction.

2.5 Synthesis of 5(0-hydroxyphenyl)-2(p-methoxybenzylideneamino) -1, 3, 4-thiadiazole

CHO
= __46*_f§;_ N\_EtOH_ __J(T_jﬁL_
Q S NH2 + <:\< C_ —OCH3
OH
OCH3
3 10 11

A solution of 3 (0.002590674 mol, 0.5 gm) and 4-methoxybenzaldehyde (0.002590674 mol,
0.352331 gm) in ethanol was taken in a round bottomed flux and the mixture was stirred for one
hour and 40 minutes under reflux condition. The progress of the reaction was monitored by TLC.
After completion of the reaction, the reaction mixture was poured into ice water. The solid crude
product was separated by filtration and dried in a desiccator. The crude was then used for the

production of thiazolidinone.
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2.6 Synthesis of 5(0- hydroxyphenyl)-2(p-nitrobenzylideneamino) -1, 3, 4-thiadiazole

QJ(H &@ QJ(H &N_C_Qm

3 12 13

A solution of 3 (0.003367876 mol, 0.65 gm) and p-nitrobenzaldehyde (0.003367876 mol,
0.50854928 gm) in ethanol was taken in a round bottomed flux and the mixture was stirred for
one hour at reflux condition. The progress of the reaction was monitored by TLC. After
completion of the reaction, the reaction mixture was poured into ice water. The solid crude
product was separated by filtration and dried in a desiccator. The crude was then used for the

next step reaction.

2.7 Synthesis of 5(0- hydroxyphenyl)-2(0-hydroxybenzylideneamino) -1, 3, 4-thiadiazole

Qf&NHz+fj Q3=

3 14 15

A solution of 3 (0.001554404 mol, 0.3 gm) and salicylaldehyde (0.001554404 mol, 0.189637
gm) in ethanol was taken in a round bottomed flux and the mixture was stirred for three hours
under reflux condition. The progress of the reaction was monitored by TLC. After completion of
the reaction, the reaction mixture was poured into ice water. The solid crude product was
separated by filtration and dried in a desiccator. The crude was then used for the production of

thiazolidinone.
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2.8 Synthesis of 3(5'- 0-hydroxyphenyl -1’, 3’, 4’-thiadiazolyl)-2(phenyl)-thiazolidin-4-one

N—N H

L0 H
Ng” N—N |

5 Et-OH I\
OH N — N—©C
dry S I é

C
ZnCl N /S
HSCH,COOH 2 OH o N
QH H

16 17

A solution of 5 (0.001067 mol, 0.3 gm) and mercapto acetic acid (0.001067 mol, 0.098220 gm)
in ethanol was taken in a round bottomed flask. A pinch amount of dry zinc chloride was added
in this mixture as a catalyst. Then the reaction mixture was stirred under reflux condition for ten
hours. The progress of the reaction was monitored by TLC. After completion of the reaction, the
mixture was poured into ice water and the white solid crude material was separated by filtration.
The crude product was then purified by recrystallization from ethanol and white crystalline

product with 67% yield was isolated and the melting point was recorded as (178-185) °C.

IR (KBr, cm™, Fig. 2): 3430 (O-H, phenolic), 3256 (O-H, H-bonded), 3157 (C-H, aromatic),
2983 (C-H, aliphatic), 1648 (C=0), 1598 (C=N), 1544, 1480, 1447 (C=C, aromatic), 816 (C-S-
O).

'H NMR (400 MHz, DMSO-dg, Fig 3-4):  7.398-7.411 (m, 5H, aromatic), 7.788-7.810 (m, 4H,

aromatic), 7.991 (bd, s, 1H, CO-CH-S), 8.054 (s, 1H, -N-CH-Ph), 8.200 (bd, s, 1H, -CO-CH-S),
11.430 (s, 1H, phenolic-OH).
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2.9 Synthesis of 3(5'- 0-hydroxyphenyl -1’, 3’, 4’-thiadiazolyl)-2(p-hydroxyphenyl)-

thiazolidin-4-one

H

OH Et-OH |
+ d—> )—N—C

ry I

HSCH,COOH ZnCl, / N /\

A solution of 7 (0.0006734 mol, 0.2 gm) and mercapto acetic acid (0.0006734 mol, 0.061952
gm) in ethanol was taken in a round bottomed flask. A pinch amount of dry zinc chloride was
added in this mixture as a catalyst. Then the reaction mixture was stirred under reflux condition
for ten hours. The progress of the reaction was monitored by TLC. After completion of the
reaction, the mixture was poured into ice water and the cream solid crude material was separated
by filtration. The crude product was then purified by recrystallization from ethanol and cream

crystalline product with 62% yield was isolated and the melting point was recorded as

(239-241) °C.

IR (KBr, cm™, Fig. 5): 3440-3520 (O-H, phenolic), 3360-3390 (O-H, phenolic), 3256 (O-H, H-
bonded), 3120 (C-H, aromatic), 2980 (C-H, aliphatic), 1648 (C=0), 1586 (C=N), 1547, 1511,
1445 (C=C, aromatic), 821 (C-S-C).

'H NMR (400 MHz, DMSO-dg, Fig 6-7) : 6 6.771 (bd, s, 2H, Ar-H), 6.793 (bd, s, 2H, Ar-H),
7.602 (bd, s, 2H, Ar-H), 7.623 (bd, s, 2H, Ar-H), 7.823 (bd, s, 1H, -CO-CH-S), 7.956 (s, 1H, N-
CH-Ph), 8.053 (bd, s, 1H, -CO-CH-S), 9.884 (bd, s, 1H, -PhOH), 11.243 (s, 1H, Ph-O-H).

3C NMR (100 MHz, DMSO-d,, Fig. 8) : § 115.77 (Ar-C), 116.53 (Ar-C), 117.16 (Ar-C), 119.56
(Ar-C), 119.81 (Ar-C), 120.13 (Ar-C), 120.71 (Ar-C), 125.36 (Ar-C), 127.27 (Ar-C), 128.33
(Ar-C), 129.51 (Ar-C), 131.63 (Ar-C), 140.63 (CO-CH,-S), 154.41 (C=N), 156.86 (C=N),
169.97 (N-CH-Ph), 178.13 (C=0).
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2.10 Synthesis of 3(5'-0-hydroxyphenyl-1',3',4'-thiadiazolyl)-2(p-chlorophenyl)-

thiazolidin-4-one

N—N
c// \\C—N— @—u
N/ _|

H
OH 9 H |
Et- OH

e QO]

HSCH,COOH ch12 N
el

H H

16 19

A solution of 9 (0.0009033281 mol, 0.285 gm) and mercapto acetic acid (0.0009033281 mol,
0.083106 gm) in ethanol was taken in a round bottomed flask. A pinch amount of dry zinc
chloride was added in this mixture as a catalyst. Then the reaction mixture was stirred under
reflux condition for thirteen hours. The progress of the reaction was monitored by TLC. After
completion of the reaction, the mixture was poured into ice water and the off white solid crude
material was separated by filtration. The crude product was then purified by recrystallized from
ethanol and off white crystalline product with 78% yield was isolated and the melting point was

recorded as (206-209) °C.
IR (KBr, cm™, Fig. 9): 3440 (O-H, phenolic), 3280 (O-H, H-bonded), 3156 (C-H, aromatic),

2980 (C-H, aliphatic), 1650 (C=0), 1600 (C=N), 1520, 1491, 1460 (C=C), 815 (C-S-C).

'"H NMR (400 MHz, DMSO-d, Fig. 10) : & 7.435-7.442 (bd, s, 2H, Ar-H), 7.45-7.463 (bd, s, 2H,
Ar-H), 7.802-7.806 (bd, s, 2H, Ar-H), 7.823 (w, s, 2H, Ar-H), 8.023 (w, s, 1H, CO-CH,-S,1H,
N-CH-Ph), 8.174 (bd, s, 1H, CO-CH,-S), 11.437 (s, 1H, O-H).
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2.11 Synthesis of 3(5'- o-hydroxyphenyl -1, 3', 4'-thiadiazolyl)-2(p-methoxyphenyl)-

thiazolidin-4-one

N—N
I\ < >
C\s /C—N=C|: OCHs

1 H

oA Et-OH N
+ — > )—N—C OCHj
dry |
HSCHZCOOH ZHC12 Pl \\ /$
C '.
g
16 20

A solution of 11 (0.0007717 mol, 0.24 gm) and mercapto acetic acid (0.0007717 mol, 0.070996
gm) in ethanol was taken in a round bottomed flask. A pinch amount of dry zinc chloride was
added in this mixture as a catalyst. Then the reaction mixture was stirred under reflux condition
for eleven hours. The progress of the reaction was monitored by TLC. After completion of the
reaction, the mixture was poured into ice water and the white solid crude material was separated
by filtration. The crude product was then purified by recrystallization from ethanol and white

crystalline product with 76% yield was isolated and the melting point was recorded as

(179-181) °C.

IR (KBr, cm™, Fig. 11): 3400 (O-H, phenolic), 3290 (O-H, H-bonded), 3153 (C-H, aromatic),
2990 (C-H, aliphatic), 1640 (C=0), 1600 (C=N), 1537, 1520, 1440 (C=C), 835 (C-S-C).

'"H NMR (400 MHz, DMSO-ds, Fig. 12) : § 3.788 (s, 3H, OCHs), 6.944 (bd, s, 2H, Ar-H), 6.966

(bd, s, 2H, Ar-H), 7.720 (bd, s, 2H, Ar-H), 7.741 (bd, s, 2H, Ar-H), 7.903 (w, 1H, CO-CH-S),
7.990 (s, 1H, N-CH-Ph), 8.099 (w, s, 1H, CO-CH-S), 11.306 (s, 1H, O-H).
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2.12 Synthesis of 3(5'- o-hydroxyphenyl -1, 3', 4'-thiadiazolyl)-2(p-nitrophenyl)-

thiazolidin-4-one

N—
// c N—C@-
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HSCH,COOH  zpc, o SO S
N
16 21

A solution of 13 (0.0009202454 mol, 0.3 gm) and mercapto acetic acid (0.0009202454 mol,
0.084662 gm) in ethanol was taken in a round bottomed flask. A pinch amount of dry zinc
chloride was added in this mixture as a catalyst. Then the reaction mixture was stirred under
reflux condition for seven hours. The progress of the reaction was monitored by TLC. After
completion of the reaction, the mixture was poured into ice water and the yellow solid crude
material was separated by filtration. The crude product was then purified by recrystallization

from ethanol and yellow crystalline product with 64% yield was isolated and the melting point

was recorded as (243-245)°C.

IR (KBr, cm™, Fig. 13): 3480 (O-H, phenolic), 3367 (O-H, H-bonded), 3148 (C-H, aromatic),
2996 (C-H, aliphatic), 1650 (C=0, weak), 1580 (C=N), 1577, 1516, 1453 (C=C), 1340 (N=0),
820 (C-S-0).

'H NMR (400 MHz, DMSO-dg, Fig. 14) : 8 8.090 (bd, s, 2H, Ar-H), 8.112 (bd, s, 2H, Ar-H),
8.131 (bd, s, 2H, Ar-H), 8.219 (bd, s, 2H, Ar-H), 8.241 (s, 1H, N-CH-Ph), 8.262 (w, s, 1H, CO-
CH-S), 8.404 (w, s, 1H, CO-CH-S), 11.171 (s, 1H, -O-H).
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2.13 Synthesis of 3(5'- o-hydroxyphenyl -1, 3, 4’-thiadiazolyl)-2(0-hydroxyphenyl)-

thiazolidin-4-one

HO
N—N
C// \\C—N— HO
\S/ s o NeN H
oH 4 EtOH AR N_(\:
+ dry N |
HSCH,COOH  ZnCl, Co S
OH o{ e
16 w2

A solution of 15 (0.0006734 mol, 0.2 gm) and mercapto acetic acid (0.0006734 mol, 0.061952
gm) in ethanol was taken in a round bottomed flask. A pinch amount of dry zinc chloride was
added in this mixture as a catalyst. Then the reaction mixture was stirred under reflux condition
for twelve hours. The progress of the reaction was monitored by TLC. After completion of the
reaction, the mixture was poured into ice water and the reddish yellow or coffee colored solid
crude material was separated by filtration. The crude product was then purified by
recrystallization from ethanol and the reddish yellow crystalline product with 69% yield was

isolated and the melting point was recorded as (216-219) °C.
IR (KBr, cm™, Fig. 15): 3445 (O-H, phenolic), 3320 (O-H), 3147 (C-H, aromatic), 2936 (C-H,

aliphatic), 1640 (C=0), 1600 (C=N), 1500, 1490, 1446 (C=C), 830 (C-S-C).

'"H NMR (400 MHz, DMSO-de, Fig. 16) : § 6.802-6.875 (m, 5H, Ar-H), 7.196-7.238 (m, 4H, Ar-
H), 7.882-7.899 (w, 1H, CO-CH-S), 8.053 (w, 1H, CO-CH-S), 8.372 (s, 1H, N-CH-Ph), 9.960 (s,
1H, O-H), 11.358 (s, 1H, O-H).
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Chapter 3

Results and Discussion



3.1 Characterization of 3(5’- 0-hydroxyphenyl -1’, 3’, 4’-thiadiazolyl)-2(phenyl)-thiazolidin-
4-one

The compound 17 was synthesized by refluxing equimolar mixture of 5(o-hydroxyphenyl)-
2(benzylideneamino) -1, 3, 4-thiadiazole and mercapto acetic acid in ethanol in presence of
catalytic amount of zinc chloride. The progress of the reaction was monitored by TLC. After
work up a white crystalline product with 67% yield was obtained and the melting point was

recorded as (178-185) °C.

N—N H

c// \\c N—Cll@ H
Ng” N—N |

5 Et-OH 7\
OH N — N—C
dry S I é

C
ZnCl NS
HSCH,COOH 2 OH o N
sH H
16 17

The IR spectrum (Fig. 2) showed a peak at 3430 cm™ was assigned for phenolic O-H. The weak
broad band at 3256 cm™ was distinctive for hydrogen bonded O-H. The peak at 3157 cm™ was
identified for aromatic C-H stretching. The aliphatic C-H stretching was observed at 2983 cm™.
The weak absorption band at 1648 cm™ was designated for enolic C=0O group. The endocyclic
C=N peak was attributed 1598 cm’'. The characteristic bands at 1544 cm'l, 1480 cm'l, 1447 cm’

were ascribed for aromatic C=C. The C-S-C linkage was designated at 816 cm.

The 'H NMR spectrum (Fig. 3-4) showed a multiplet at 7.398-7.411was assigned for five
aromatic protons. Another multiplet was designated for four aromatic protons at 7.888-7.810.
The singlet at 7.991 was designated for deshielded hydrogen bonded one proton of nearby
carbonyl group. The sharp singlet for one benzylic proton was identified at 8.054. The broad
singlet of one hydrogen bonded proton of nearby carbonyl group was distinctive at 8.200. The
down fielded phenolic proton was designated at 11.430.

All the above spectral evidences witnessed in favor of the structure of the compound 17 as
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Figure 2: IR spectrum of compound 3(5’- 0-hydroxyphenyl -
1’, 3', 4’-thiadiazolyl)-2(phenyl)-thiazolidin-4-one
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Figure 3: "H NMR of compound 3(5'- 0-hydroxyphenyl -
1’, 3', 4’-thiadiazolyl)-2(phenyl)-thiazolidin-4-one
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Figure 4: "H NMR (extention) of compound 3(5'- 0-
hydroxyphenyl -1', 3', 4’-thiadiazolyl)-2(phenyl)-thiazolidin-4-one
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3.2 Characterization of 3(5'- 0-hydroxyphenyl -1’, 3’, 4’-thiadiazolyl)-2(p-hydroxyphenyl)-
thiazolidin-4-one

The compound 18 was synthesized by refluxing equimolar mixture of 5(o-hydroxyphenyl)-2(p-
hydroxybenzylideneamino) -1, 3, 4-thiadiazole and mercapto acetic acid in ethanol in presence
of catalytic amount of zinc chloride. The progress of the reaction was followed by TLC. After
work up, a cream crystalline product with 62% yield was obtained and the melting point was

recorded as (239-241) °C.

N—
// c N—CO
\/

OH Et-OH }\I_l\{ T
+ W» '}I_? OH

HSCH,COOH ZnCl, oH S {'C\xC/S\‘

W H

16 18

The IR spectrum (Fig. 5) of the compound 18 showed a weak band at 3440-3520 cm™ was
assignable for the phenolic O-H group. Another contemporary weak band at 3360-3390 cm™ was
detective for the phenolic O-H group. The peak at 3256 cm™ was suggestive for the enolic O-H
group of hydrogen bonded C=0 group. The characteristics aromatic and aliphatic C-H stretching
were observed at 3120 cm™ and 2980 cm™ respectively. The C=0O absorption peak was
designated in the longer wavelength at 1648 cm™ due to the keto-enol tautomerism for hydrogen
bonding. The intensified peak at 1586 cm™ was attributed for C=N group. The characteristic
peaks at 1547, 1511 and 1445 cm™ were identified for aromatic C=C. The C-S-C linkage was

ascribed at 821 ecm™.

The 'H NMR spectrum (Fig. 6-7) of the compound 18 showed a broad singlet for two aromatic

protons at 6.77. Another contemporary broad singlet for two aromatic protons was detected at
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6.793. Similarly the two other broad singlet of equal intensity for four identical aromatic protons
were designated at 7.602 and at 7.623 respectively. The sharp singlet at 7.823 was distinctive for
one proton of -CO-CH-S-. The benzylic deshielded singlet proton was detected at 7.956. The
broad singlet at 8.053 was identified for one proton of -CO-CH-S-. The broad singlet at 9.884
was attributed for one proton of phenolic O-H. The other phenolic O-H proton was detectable at
11.243.

The *C NMR spectrum (Fig. 8) showed the signals at 115.77, 116.53, 117.00, 119.56, 119.81,
120.13, 120.71, 125.36, 127.27, 128.33, 129.51 and 131.63 were assignable for aromatic
carbons. The signal at 140.63 was indicative for 1C of —CH,-, 1C of C=N at 154.41, 1C of
another C=N at 156.86, one benzylic carbon at 169.97 and the down fielded signal at 178.13 was
distinctive for 1C of C=O0.

All the above spectral evidences express harmony with the structure of the compound 18 as

N——C— OH
OH o ‘\C/?
.../ \i
H H
18
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Figure 5: IR spectrum of compound 3(5'- o-
hydroxyphenyl -1, 3', 4’-thiadiazolyl)-2(p-hydroxyphenyl)-thiazolidin-4-one
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Figure 6: "H NMR of compound 3(5'- 0-hydroxyphenyl -1’,
3', 4'-thiadiazolyl)-2(p-hydroxyphenyl)-thiazolidin-4-one
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Figure 7: "H NMR (extention) of compound 3(5'- o-
hydroxyphenyl -1', 3', 4’-thiadiazolyl)-2(p-hydroxyphenyl)-thiazolidin-4-one
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Figure 8: *C NMR of compound 3(5'- 0-hydroxyphenyl -1’,
3', 4'-thiadiazolyl)-2(p-hydroxyphenyl)-thiazolidin-4-one
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3.3 Characterization of 3(5’- o-hydroxyphenyl -1’, 3’, 4’-thiadiazolyl)-2(p-chlorophenyl)-
thiazolidin-4-one

The compound 19 was synthesized by refluxing equimolar mixture of 5(o-hydroxyphenyl)-2(p-
chlorobenzylideneamino) -1, 3, 4-thiadiazole and mercapto acetic acid in ethanol in presence of
catalytic amount of zinc chloride. The progress of the reaction was monitored by TLC. After
work up, a white crystalline product with 78% yield was obtained and the melting point was

recorded as (206-209)° C.
N—N
c// \\c N c@—u
N/ _|
S | H
OH 9 |
. EtOH_ @ \ N_(f
HSCH,COOH S

Zl’lClz / \C/ ‘l
\H/ \|‘_|

16 19

The IR spectrum (Fig. 9) of the compound 19 showed a band at 3440 cm™ was assigned for
phenolic O-H group. The hydrogen bonded enolic O-H absorption was found at 3280 cm™. The
peak at 3156 cm™ was for typical aromatic C-H stretching. The aliphatic C-H stretching was
identified at 2980 cm™. The hydrogen bonded C=O group was designated at comparatively
longer wavelength 1650 cm™. The peak at 1600 cm™ was distinctive for C=N. The characteristic
peaks at 1520, 1491 and 1460 were detected for aromatic C=C. The C-S-C linkage was found at
815 cm™.

The 'H NMR spectrum (Fig. 10) of the compound 19 showed a broad singlet for two aromatic
protons at 7.435-7.442. Another broad singlet for two aromatic protons were identified at 7.45-
7.46. The broad signal at 7.802-7.806 was assigned for two aromatic protons and also another
wide singlet of the same type was detective for two aromatic protons at 7.823. The signal at
8.023 was distinctive for one hydrogen bonded proton of C-CH,-S. The single benzylic proton
was designated in the merging signal at 8.023. The other single proton of C-CH,-S was attributed
at 8.174. The down fielded phenolic proton was indicative at 11.437.

75



All the above spectral evidences witnessed in favor of the structure 19 as
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Figure 9: IR spectrum of compound 3(5'- o-hydroxyphenyl -1’, 3',
4'-thiadiazolyl)-2(p-chlorophenyl)-thiazolidin-4-one
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Figure 10: "H NMR of compound 3(5'- o-hydroxyphenyl -1, 3', 4’-
thiadiazolyl)-2(p-chlorophenyl)-thiazolidin-4-one
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3.4 Characterization of 3(5’- 0-hydroxyphenyl -1’, 3’, 4’-thiadiazolyl)-2(p-methoxyphenyl)-
thiazolidin-4-one

The compound 20 was synthesized by refluxing equimolar mixture of 5(o-hydroxyphenyl)-2(p-
methoxybenzylideneamino) -1, 3, 4-thiadiazole and mercapto acetic acid in ethanol in presence
of catalytic amount of zinc chloride. The progress of the reaction was followed by TLC. After
work up, a white crystalline product with 76% yield was obtained and the melting point was

recorded as (179-181) °C.
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The IR spectrum (Fig. 11) of the compound 20 showed a signal at 3400 cm” was assigned for
phenolic O-H group. Another hydrogen bonded O-H peak was distinctive comparatively longer
wavelength at 3290 cm™. The aromatic C-H stretching was found at 3153 cm™. The aliphatic C-
H stretching was identified at 2990 cm™. The hydrogen bonded C=0 group absorption was
indicative comparatively longer wavelength at 1640 cm™. The C=N moiety was designated at
1600 cm™'. The characteristic bands of aromatic C=C were identified at 1537, 1520 and

1440 cm™. The C-S-C linkage was vividly attributive at 835 cm™.

The "H NMR spectrum (Fig. 12) of the compound 20 showed a sharp singlet of three protons of
the OCH3; group at 3.788. The four broad singlets, each of two aromatic protons were designated
at 6.944, 6.966, 7.720 and 7.741. The wide deshielded singlet for one —CH, proton was
distinctive at 7.903. The benzylic sharp singlet for one proton was assigned at 7.990. The other
deshielded —CH,; proton was identified at 8.099. The phenolic down fielded proton was attributed
at 11.306.
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All the above spectral evidences support the structure of the compound 20 as
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Figure 11: IR spectrum of compound 3(5'- 0-hydroxyphenyl -1’,
3', 4'-thiadiazolyl)-2(p-methoxyphenyl)-thiazolidin-4-one
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Figure 12: "H NMR of compound 3(5'- o-hydroxyphenyl -1, 3', 4'-
thiadiazolyl)-2(p-methoxyphenyl)-thiazolidin-4-one
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3.5 Characterization of 3(5’- o-hydroxyphenyl -1’, 3’, 4’-thiadiazolyl)-2(p-nitrophenyl)-
thiazolidin-4-one

The compound 21 was synthesized by refluxing equimolar mixture of 5(o-hydroxyphenyl)-2(p-
nitrobenzylideneamino) -1, 3, 4-thiadiazole and mercapto acetic acid in ethanol in presence of
catalytic amount of zinc chloride. The progress of the reaction was followed by TLC. After work
up, the yellow crystalline product with 64% yield was obtained and the melting point was

recorded as (243-245) °C.
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The IR spectrum (Fig. 13) of the compound 21 showed a signal at 3480 cm’ was assigned for
phenolic O-H group. The peak at 3367 cm™ was indicative for hydrogen bonded enolic O-H. The
aromatic C-H stretching was designated at 3148 cm™. The aliphatic C-H stretching was
identified at 2996 cm™'. The weak peak at 1650 cm™ was distinctive for hydrogen bonded C=0
group. The C =N absorption band was attributed at 1580 cm™. The characteristic aromatic C=C
bond were identified at 1577, 1516 and 1453 cm™. The peak at 1340 cm™ was ascribed for N=0.
The typical C-S-C linkage was found at 820 cm™.

The 'H NMR spectrum (Fig. 14) showed four signals as broad singlet of two aromatic protons in
each signal at 8.090, 8.112, 8.131 and 8.219. The singlet of one benzylic proton was designated
at 8.241. The wide singlet of one deshielded —CH, proton was distinctive at 8.262. The other
deshielded signal for one proton of —CH, was identified at 8.404. The down field deshielded
proton of phenol was designated at 11.171.

All the above spectral evidences support in favor of the structure of the compound 21 as
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Figure 13: IR spectrum of compound 3(5'- 0-
hydroxyphenyl -1', 3', 4’-thiadiazolyl)-2(p-nitrophenyl)-thiazolidin-4-one
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Figure 14: "H NMR of compound 3(5'- 0-hydroxyphenyl
-1', 3', 4'-thiadiazolyl)-2(p-nitrophenyl)-thiazolidin-4-one
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3.6 Characterization of 3(5’- 0-hydroxyphenyl -1’, 3’, 4’-thiadiazolyl)-2(0-hydroxyphenyl)-
thiazolidin-4-one

The compound 22 was synthesized by refluxing equimolar amount of 5(o-hydroxyphenyl)-2(o-
hydroxybenzylideneamino) -1, 3, 4-thiadiazole and mercapto acetic acid in ethanol in presence
of catalytic amount of zinc chloride. The progress of the reaction was followed by TLC. After
work up, a reddish yellow crystalline solid with 69% yield was obtained and the melting point

was recorded as (216-219) °C.
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The IR spectrum (Fig. 15) of the compound 22 showed a band at 3445 cm” was assigned for
phenolic O-H group. The other O-H peak was distinctive at 3320 cm™. The characteristic
aromatic C-H stretching was identified at 3147 cm™. The peak at 2936 cm™ was designated for
aliphatic C-H stretching. The deshielded keto-enol tautomerised C=O group was indicative
comparatively longer wavelength 1640 cm™. The C =N moiety was attributed at 1600 cm™. The
characteristic peaks at 1500, 1490 and 1446 cm™ were ascribed for aromatic C=C. The C-S-C

linkage was found at 830 cm™.

The '"H NMR spectrum (Fig. 16) of the compound showed a broad multiplet at 6.802-6.875 was
assigned for five aromatic protons. The rest four aromatic protons were designated as multiplet at
7.196-7.238. A wide peak of single CH, proton was distinctive 7.882-7.899. Another hydrogen
bonding deshielded —CH, proton was suggestive at 8.053. The single benzylic proton was
identified at 8.372. The two phenolic O-H protons were distinctive at 9.960 and 11.358

respectively.

All the above spectral evidences expressed harmony with the structure of the compound 22 as
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Figure 15: IR spectrum of compound 3(5’- 0-hydroxyphenyl -
1', 3', 4’-thiadiazolyl)-2(0-hydroxyphenyl)-thiazolidin-4-one
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Figure 16: "H NMR of compound 3(5’- o-hydroxyphenyl -
1, 3’, 4’-thiadiazolyl)-2(0-hydroxyphenyl)-thiazolidin-4-one
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Chapter 4
Biological test



4.1 Antibacterial and Antifungal test

Thiazolidinone derivatives 10 and 11 were tested for the antibacterial and antifungal activity
against E.coli and A.niger as shown in the table below.

SL. No. Tested organisms against antimicrobial | Diameter of inhibition zone(mm)
activity P-10(40mg/ml) P-11(40mg/ml)
1 Escherichia coli 9 7
2 Aspergillus niger 8 5

This table distinctively showed moderate activity against E.coli and A4.niger.
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Summary

1. Synthesis of thiadiazole

A mixture of thiosemicarbazide, salicylic acid and concentrated sulfuric acid in ethanol was
stirred under reflux condition for one hour and 50 minutes. The reaction mixture was then poured
into crushed ice and the crude product was separated by filtration. The crude was purified by
recrystallization from ethanol.

COOH
OH ﬁ

NH— C—NH Et-OH, Reflux T 4@7 g NH
+ — —C— >
HN 2 Conc. H,SO4 \_7/ S 2

OH 1

Yield: 82%
m.p:(145-150) °C

2. Synthesis of Hydrazones

A solution of thiadiazole and different substituted benzaldehydes in ethanol were stirred under
reflux condition for 1.5-2.5 hours. The progresses of the reactions were monitored by TLC. The
reaction mixtures were then poured into ice water. Different crude hydrazones were separated by

filtration and used for the synthesis of thiazolidinone derivative.

CHO
H
o Q3 @ o QJK Ny
OH OH 2

Yield: 63%
m.p:(162-165) °C
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Yield :71%
m.p:(218-221) °C
CHO
H
= N EtoH [/~ 4@7 _ /7 \
“’Q‘/{?&NHN o\ s&NTC—\z/—C1
OH l OH
Cl Yield : 65%

m.p:(219-220) °C

@ Q%H &@ QJ(H &N_C_Qm

Yield : 70%
m.p :(237-239) °C

CHO
X, Et-OH 7\
(© \ —@7 §_ NH, + < Eﬂr\l—c— —OCH3
OCH; Yield : 68%
m.p :(172-178) °C

CHO
H HO
_ oH  — |
0 QL (e Q-0
OH OH 7
Yield : 73%

m.p :(195-203) °C
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3. Synthesis of Thiazolidinone derivatives

A solution of different hydrazones and mercapto acetic acid in ethanol were refluxed 10-12 hours
in presence of catalytic amount of zinc chloride. The progresses of the reactions were monitored
by TLC. After completion of the reactions, the mixtures were poured into ice water and the
different coulered solid crude materials were separated by filtration. The crude products were
then purified by recrystallization from ethanol and characterized by spectral evidences such as
IR, '"H NMR and °C NMR.

Qcﬂ ' |
(@) —
oH + Et-OH Q_{)_N ?

S
HSCH,COOH ZnCl2 OH /’ ‘\c ".
N
Yield : 67%
m.p: (178-185) °C

b C// c N—C@— NN T
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NP N 9

Yield : 62%
m.p :(239-241) °C
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Yield : 78%
m.p:(206-209) °C
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S
HSCHZCOOH EEd / \C/ -.

N
Yield : 76%
m.p:(279-281) °C

(d) c N_C OCH;
ECOH_ >—N—(|3 OCHj
11

H H
7\ | 7\ |
— N—
o QA COpe A O
Et-OH C
+ 2N
OH — > oH o (L
HSCH,COOH ZnCl, S \|-_|

Yield : 64%
m.p:(243-245) °C

® Q = N_c© }N_?©

Et- OH \ S‘

ch12 \ . /C\“

HSCHZCOOH

Yleld :69%
m.p:(216-219) °C

4. Biological activity

The antibacterial and antifungal properties of thiazolidinone derivatives 10 and 11 showed

moderate activity against Escherichia coli and Aspergillus niger.

96



REFERENCES :

[1]. Verma, A., Shailendra, K. S., Eur. J. Med. Chem, 43: 897, 2008.

[2]. Patil, T. S., Bhatt, P. A., Int. J. Pharm & Tech, 1: 674, 2004.

[3]. Mistry, K. M., Desai, K. R., E-J. Chem, 4:189. 2004.

[4]. Frances, C., Brown. Chem Rev, 6: 463. 1961.

[5]. Pathak, A. K., Chawala, V., Saraf, K. S., E- J. Chem, 8: 240-244. 2011.

[6]. Patel, N. B., Shaikh, M., Faiyazalam. Saudui pharm J., 3: 129. 2010.

[7]. Srivastava, S. K., Srivastava, S., Srivastava, S. D., Indian J. Chem, 38B: 183, 1999.

[8]. Chatrabhuji, P. M., Nimavat, K. S., Vyas, K. B., Undavia, N. K.; RJPBCS ,1: 1451, 2010.
[9]. Bhatt, J. J., Shah, B. R., Shah, H. P., Trivedi, P. B., et al. Cheminform, 25: 189-192,1994.
[10]. Mei-Hsiu Shih., Fang-Ying, Ke., Bioorganic & Med Chem, 12: 4633. 2004.

[11]. Venkatesan, S., Singh Rameshwar., Int J Chem and Pharma Sci, 1:187-190. 2010.

[12]. Aridoss, G., Amirthaganesan, S., Kim, M. S., Kim, J. T., Yeon Tae Jeong., et al Eur J
Med Chem, 44: 4199, 2009.

[13]. Tatar, E., Kucukguzel, 1., De clercq, E., Sachin, F. and Gulluce, M., Arkivoc, (xiv),191,
2008.

[14]. Desia, N. C., Shah, M. D., And Bhavsar, A. M., Indian J. Chem., 47B: 1135 ,2008.

[15]. Sayyed, M., Mokle, S., Bokhare, M., Mankar, A., Surwase, S., Bhusare, S., and Vibhute,
Y., Arkivoc, (i1):187, 2006.

[16]. Hui-Ling Liu., Zongcheng, Li., and Anthonsen, T., Molecules, 5: 1055 ,2000.

[17]. Rao, A., Chimirri, A., Ferro, S., Monforte, A. M., Monforte, P., and Zappala, M., Arkivoc,
(V):147,2004.

[18]. Ravichandran, V., Mourya, V. K., Agrawal, R. K., Digest J. Nanomaterials and
Biostructures, 3(1): 223, 2009.

[19]. Alcaide, B., Almendros, P., Chem. Soc. Rev., 30: 226 ,2001.

[20]. Chavan, A. A., Pai, N. R., Molecules, 12: 2467 ,2007.

[21]. Jubie, S., Gowramama, B., Muthal, N. K., Kalirajan, R., Gomathi, S., and Elango, K.,
Int. J. Chem. Tech. Res., 1(2): 153, 2009.

[22]. Yerigeri, M. C., Murari, S. K., Thiammaiah, K. N., Math, S. K., Vishwanath, B. S., J.
Med. Chem., 4(2): 190, 2008.

[23]. Cairns, H., Cox, D., Gould, K. J., Ingall, A. H., Suschitzky, J. L., J. Med.Chem. 28(12),

97



1832, 1985.

[24]. Jain, R., Jain, S., Gupta, R. C., Anand, N., Dutta, G. P., Puri, S. K., Indian J. Chem.,
33B, 251, 1994.

[25]. Mohammed, A., Abdel-Hamid, N., Maher, F., Farghaly, A., Czech. Chem. Commun.
57(7), 1547, 1992.

[26]. Croisy-Delcey, M., Coroisy, A., Carrez, D., Huel, C., Chiaroni, A., Ducrot, P., Bisagni,
E., Jin, L., Leclercq, G., Bioorg. Med. Chem. 8(ii), 2629, 2000.

[27]. Dlugosz, A., Dus, D., Farmaco. 51,367, 1996.

[28]. Abadi, A. H., Brun, R., Arzneimforsch Drug Res. 53, 655, 2003.

[29]. Joshi, K. C., Jain, R., Chand, P., Garg, S., J. Indian Chem. Soc. 60, 760, 1983.

[30]. Shah, M., Parikh, K., Parekh, H., Indian J. Chem. 37B, 73, 1998.

[31]. Hussain, M. 1., Shukla, S., Indian J. Chem. 25B, 545, 1986.

[32]. Astik, R.R., Acharya, J. N, Joshi, G. B., Thaker, K. A., J. Indian Chem. Soc. 53,272,
1976.

[33]. Surrey, A.R.,J. Am. Chem. Soc. 71, 3354, 1949.

[34]. Troutman, H. D., Long, L. M., J. Am. Chem. Soc. 70, 346, 1948.

[35]. Mishra, P., Gajbhiji, A., Jain, S. K., Oriental J. Chem. 12, 325, 1996.

[36]. Desai, N. C., Shukla, H. K., Langalia, N. A., Thaker, K. A., J. Indian Chem. Soc. 71,
711, 1984.

[37]. Sengupta, A. K., Pandey, A. K., J. Indian Chem. Soc. 65, 142, 1988.

[38]. Chimirri, A., Grasso, S., Monforte, P., Fenech, G., Zappala, M., Farmaco, 41(11), 839-
51, 1986.

[39]. Wolfgang, L., European J. Pharmcol. 342, 1, 1998.

[40]. EdaFiogho, I. O., Hinko, C. N., Farrar, Y. A., Moore, J. A., Nicholson, J. M., Scott, K.
R., Drugs of the Future, 17(5), 395, 1992.

[41]. Farror, Y. A., Rutkowaka, M. C., Grochowski, J., Serda, P., Pilati, T., Cory, M.,
Nicholson, J. M., Scott, K. R., J. Med. Chem. 36(23), 3517, 1993.

[42]. Scott, K. R., EdaFiogho, I. O., Moore, J. A., Farrar, Y. A., Nicholson, J. M., Pharmacy
World Journal, 8(2), 44, 1994.

[43]. Ure, J. A., Perassolo, M., J. Neurological Science, 177, 1, 2000.

98



[44]. Edafiogho, I. O., Scott, K. R., Moore, J. A., Farrar, Y. A., Nicholson, J. M., J. Med.
Chem.34,387,1991.

[45]. Lanan, G. O., Owoyare, J. A., Edafogho, 1. O., Osuide, G., Pharmacy World Journal,
5(11), 307, 1986.

[46]. Savini, L., Chiasserini, L., Gaeta, A., Pellerano, C., Bioorg.Med.Chem. 10,2193, 2002.
[47]. Mahboobi, S., Eichhorn, E., Popp, A., Sellmer, A., Elz, S., Mollmann, U., Eur. J. Med.
Chem. 41, 176, 2006.

[48]. Hoemann, M. Z., Kumaravel, G., Xie, R. L., Rossi, R. F., Meyer, S., Sidhu, A., Cuny,
G. D., Hauske, J. R., Bioorg. Med. Chem. Lett. 10, 2675, 2000.

[49]. Kutschy, P., Suchy, M., Andreani, A., Dzurilla, M., Kovacik, V., Alf6ldi, J., Rossi, M.,
Gramatova, M., Tetrahedron, 58, 9029, 2002.

[50]. Levy, L. M., Cabrera, G. M., Wright, J. E., Seldes, A. M., Phytochemistry, 54, 941,
2000.

[51]. Sugiyama, H., Yokokawa, F., Aoyama, T., Shioiri, T., Tetrahedron Lett. 42,7277, 2001.
[52]. Font, M., Monge, A., Cuartero, A., Elorriaga, A., Martinez-Irujo, J. J., Alberdi, E.,
Santiago, E., Prieto, I., Lasarte, J. J., Sarobe, P., Borrés, F., Eur. J. Med. Chem. 30, 963,
1995.

[53]. Adreani, A., Granaiola, M., Leoni, A., Locatelli, A., Morigi, R., Rambaldi, M.,
Garaliene, V., Farruggia, G., Masotti, L., Bioorg. Med. Chem. 12, 1121, 2004.

[54]. Zhang, H.-Z., Drewe, J., Tseng, B., Kasibhatla, S., Cai, S. X., Bioorg. Med. Chem. 12,
3649, 2004.

[55]. Andres, C.J., Bronson, J.J., D’Andrea, S. V., Deshpande, M. S., Falk, P. J., Grant-
Young, K. A., Harte, W. E., Ho, H. T., Misco, P. F., Robertson, J. G., Stock, D., Sun, Y.,
Walsh, A.W., Bioorg. Med. Chem.Lett. 10, 715, 2000.

[56]. Bonde, C. G., Gaikwad, N.J., Bioorg. Med. Chem. 12,2151, 2004.

[57]. Capan, G., Ulusoy, N., Ergen¢, N., Kiraz, M., Monatsh. Chem. 130, 1399, 1999.

[58]. Ulusoy, N., Arzneim-Forsch /Drug Res. 52(7), 565, 2002.

[59]. Babaoglu, K., Page, M. A., Jones, V. C., McNeil, M. R, Dong, C., Naismith, J. H., Lee,
R. E., Bioorg. Med. Chem.Lett. 13,3227, 2003.

[60]. Srivastava, T., Gaikwad, A. K., Haq, W., Sinha, S., Kati, S. B., Arkivoc, ii, 120 2005.
[61]. Sharma, R., Nagda, D. P., Talesara, G. L., Arkivoc, i, 1, 2006.

99



[62]. Sayyed, M., Mokle, S., Bokhare, M., Mankar, A., Surwase, S., Bhusare, S., Vilohute,
Y., Arkivoc, ii, 187, 2006.

[63]. Gududuru, V., Hurh, E., Dalton, J. T., Miller, D. D., Bioorg. Med. Chem. Lett. 14,5289,
2004.

[64]. Jonckheere, H., Anne’, J., De Clercq, E., The HIV-1 reverse transciption (RT) process as
target for RT inhibitors. Med. Res. Rev. 20, 129-154, 2000.

[65].De Clercq, E., Novel compounds in preclinical/early clinical development for the treatment
of HIV infections. Rev. Med. Virol. 10, 255-277, 2000.

[66]. Hajos, G., Riedi, S., Molnar, J., Szabo, D., Nonnucleoside reverse transcriptase
inhibitors. Drugs Fut. 25,47-62, 2000.

[67].Scha” fer, W., Friebe, W.-G., Leinert, Mertens, A., Poll, T., vonder Saal, W., Zilch, H.,
Nuber, H., Ziegler, M. L., Nonnucleoside inhibitors of HIV-1 reverse transcriptase: molecular
modeling and X-ray structure investigations. J. Med. Chem. 36, 726-732, 1993.

[68].(a) Chimirri, A., Grasso, S., Molica, C., Monforte, A. M., Monforte, P., Zappala', M.,
Bruno, G., Nicolo®, F., Witvrouw, M., Jonckeere, H., Balzarini, J., De Clercq, E., Structural
features and antihuman immunodeficiency virus (HIV) activity of the isomers of 1-(2¢,6¢-
difluorophenyl)-1H, 3H-thiazolo[3,4-a]benzimidazole, a potent nonnucleoside HIV-1 reverse
transcriptase inhibitor. Antiv. Chem. Chemother. 8, 363-370, 1997.

(b) Chimirri, A., Grasso, S., Monforte, A. M., Monforte, P., Rao, A., Zappala', M., Bruno, G.,
Nicolo®, F., Pannecouque, C., Witvrouw, M., De Clercq, E., Synthesis, structure and in vitro
anti-human immunodeficiency virus activity of novel 3-methyl-1H,3H-thiazolo[3,4-a]-
benzimidazoles. Antiv. Chem. Chemother. 9, 431-438, 1998.

(c) Chimirri, A., Grasso, S., Monforte, P., Rao, A., Zappala® , M.;Monforte, A. M.,
Pannecouque, C., Witvrouw, M., Balzarini, J., De Clercq, E., Synthesis and biological activity
of novel 1H,3Hthiazolo[3,4-a]benzimidazoles: nonnucleoside human immunodeficiency virus
type 1 reverse transcriptase inhibitors. Antiv. Chem. Chemother. 10,211-217, 1999.
[69].Barreca, M. L., Chimirri, A., Carotti, A., Carrieri, A., Monforte, A. M., Pellegrini Calace,
M., Rao, A., Comparative Molecular Field Analysis (CoMFA) and docking studies of
nonnucleoside HIV-1 RT inhibitors (NNRTISs). Bioorg. Med. Chem. 7,2283-2292, 1999.
[70].Barreca, M. L., Chimirri, A., De Luca, L., Monforte, A. M., Monforte, P., Rao, A.,
Zappala', M., Balzarini, J., De Clercq, E., Pannecouque, C., Witvrouw, M., Discovery of 2,3-

100



diaryl-1,3-thiazolidin-4-ones as potent anti-HIV-1 agents. Bioorg. Med. Chem. Lett. 11, 1793-
1796, 2001.

[71]. Doran, W. J., Shonle, H. A., Dialkyl thiazolidinones. J. Org. Chem. 3, 193-197, 1938.
[72]. Troutman, H. D., Long, L. M., The synthesis of 2,3-disubstituted-4-thiazolidones. J. Am.
Chem. Soc. 70, 3436-3439, 1948.

[73]. Rout, M. K., Mahapatra, G. N., 2-[]-Naphtyliminino-4-thiazolidone and its derivatives. J.
Am. Chem. Soc. 77,2427-2428, 1955.

[74]. Gaikwad, N.J., Tirpude, R. N., Substituted 4-thiazolidones as anticonvulsants. /ndian
Drugs, 31, 593-594, 1994.

[75]. El-Gendy, Z., Abdel-Rahman, R. M., Fawzy, M. M., Mahmoud, M. B., Biologically
active thiazolidinone. Part II. Synthesis and fungitoxicities of isolated and fused thiazolidinones
derived from thiosemicarbazones. J. Ind. Chem. Soc. 67, 927-929, 1990.

[76]. Diurno, M. V., Mazzoni, O., Piscopo, E., Calignano, A., Giordano, F., Bolognese, A.,
Synthesis and antihistaminic activity of some thiazolidin-4-ones. J. Med. Chem. 35, 2910-2912,
1992.

[77]. Shah, V., Pant, C. K., Joshi, P. C., Synthesis and antifungal activity of some bis (2-
arylimino-3-ylthiazolidinones) and bis (1-aryl-3-yl-thiohydantoins). Asian J. Chem. 5, 83-88,
1993.

[78]. Brown, F. C., thiazolidin-4-ones. Chem. Revs. 61, 463-521, 1961.

[79]. Newcome, G. R., Nayak, A., thiazolidin-4-ones. Adv. Heterocycl. Chem. 25, 83-112, 1979.
[80]. Lakhan, R., Singh, O. P., Potential fungicides. Part III. Synthesis and evaluation of 5-
methyl-thiazolidin-4- ones and 5-methyl-2,thiazolidin-4-ones. J. Ind. Chem. Soc. 61, 784-787,
1984.

[81]. Bhargava, P. N., Prakash, S., Lakhan, R., Synthesis of 2-(4",5 -disubstituted thiazol-2’-
ylimino)-3-(mmethylphenyl)- 5-methyl (or H)-thiazolidin-4-ones and their fungicidal activity.
Ind. J. Chem. 20B, 927-929, 1981.

[82]. Lakhan, R., Potential fungicides: Studies of 2-arylimino-3-aryl-thiazolidin-4-ones, their
1,1-dioxides and Molecules 2000, 5 1061 5-phenylazo derivatives. Agric. Biol. Chem. 46, 557-
560, 1982.

[83]. Alaimo, R. J., N-(6-Ethyl-4-thiocyanato-2-benzothiazolyl)-5-nitrofuramide. U.S. Patent
4012409 1977.

101



[84]. Bhagarva, P. N., Lakhan, R., Tripathi, R., Local anestics. Part II. Synthesis of 2-(N, N-
disubstituted aminoacetamido)-4-p-fluorophenyl and -m-methoxyphenyl thiazoles. J. Ind. Chem.
Soc. 59, 773-775, 1982.

[85]. Moulard, T., Lagorce, J. F., Thomas, J. C., Raby, C., Biological evaluation of compounds
with -NCSgroup or derived from thiazole and imidazole-Activity on prostaglandin synthetase
complex. J. Pharm. Pharmacol. 45, 731-735, 1993.

[86]. Tsuruoka, A., Kaku, Y. Y., Kakinuma, H., Tsukada, 1., Yanagishawa, M., Naito, T.,
Synthesis and antifungal activity of novel thiazole-containing triazole antifugals. Chem. Pharm.
Bull. 45,1169-1176, 1997.

[87]. Tan, J. H., Zhang, Q. X., Huang, Z. S., Chen, Y., Wang, X. D., Gu, L. Q.,and Wu, J. Y.,
Eur. J. Med. Chem.41,1041, 2006.

[88]. Gracia-Valverde, M., and Torroba, T., Molecule, 10,318, 2005.

[89]. Bronson, J. J., DenBleyker, K. L., Falk, P.J., Mate, R. A., Ho, H. T., Pucci, M. J., and
Snyder, L. B., Bioorg. Med. Chem. Lett.13,873, 2003.

[90]. Bhati, S.K., and Kumar, A., Eur. J. Med.Chem. 43,2323, 2008.

[91]. Sayyad, M., Mokle, S., Bokhare, M., Mankar, A., Surwase, S., Bhusare, S., and
Vibhute, Y., Arkivoc ,2,187, 2006.

[92]. Colombo, A., Ferna'ndez, J. C., Ferna'ndez-Forner, D., de la Figuera, N., Albericio, F.,
and Forns, P., Tetrahedron Lett. 49(10), 1569, 2008.

[93]. Murugesan, V., Prabhakar, Y. S., and Katti, S. B.,J. Mol. Graph Model, 27,735, 2009.
[94]. Jain, S. C., Sinha, J., Bhagat, S., Errington, W., and Olsen, C. E., Synth. Commun,

33, 563, 2003.

[95]. Lewis, A.F., Drach, J. C., Fennewald, S. M., Huffman, J. H., Ptak, R. G., Sommadossi,
J. P.,Revankar, G. R., and Rando, R. F., J. Antimicrob AgentsChemother. ,38(12),2889, 1994.
[96]. Binnun, E., Connolty, P.J., Johnson, S. G., Lin, R., Moreno, S.J., Middleton, S. A.,
Pandey, N. B., and Water, S., U S Patent ,514,260, 2007.

[97]. Amir, A.E., Maigali, S.S., and Abdulla, M. M., Monatsch. Chem.139,1409, 2008.

[98]. Diego, M. J., Antonio, M., Yolanda, R., Andres, R. G., Ether, P. C., Manuel, M. A.,
Arat, N. V., Squella, L. J., Juan, A., Jorge, E. F., and Arturo, S. O., J. Exper. Parasit ,99(1),1,
2001.

102



[99]. Joshi, D. G., Oza, H. B., and Parekh, H. H., ”Synthesis of some novel 1,3,4-oxadiazoles
and 5-oxo-imidazolines as potent biologically active agents”, Ind. J. Het. Chem., 11, 145-148,
2001.

[100]. Srivastava, T., Haq, W., and Katti, S. B., “Carbodiimide mediated synthesis of 4-
thiazolidinone by one pot three-component condensation”, Tetrahedron., 58, 7619-7624, 2002.
[101]. Barreca, M. L., Chimirri, A., De Luca, L., Monforte, A. M., Monforte, P., Rao, A.,
Zappala, M., Balzarini, J., De Clercq, E., Pannecouque, C., and Witvrouw, M., “Anti-HIV
agents: design and discovery of new potent RT inhibitors”, Bioorg. Med. Chem. Lett., 58, 259-
263, 2003.

[102]. Andres, C.J., Bronson, J.J., D’Andrea, S. V., Deshpande, M. S., Falk, P.J., Grant-
Young, K. A., Harte, W. E., Ho, H., Misco, P.F., Robertson, J. G., Stock, D., Sun, Y., and
Walsh, A. W., “4-Thiazolidinones: novel inhibitors of the bacterial enzyme murB”, Bioorg.
Med. Chem. Lett., 10, 715-717, 2000.

[103]. Babaoglu, K., Page, M. A., Jones, V. C., McNeil, M. R., Dong, C., Naismith, J. H.,
and Lee, R. E., “Novel inhibitors of an emerging target in Mycobacterium tuberculosis;
substituted thiazolidinones as inhibitors of dTDP-rhamnose synthesis”, Bioorg. Med. Chem.
Lett., 13, 3227-3230, 2003.

[104]. Green, G. A., Clinical Cornerstone, Vol. 3, No.5, pp.50-59, 2001.

[105]. http://compendium.com.ua/atc/MOI#MO1A_BO05.

[106]. Laine, L. J., Cardiovasc. Pharmacol., , Vol. 47, No. 1, pp.60-66, 2006.

[107]. Graham, D., J. JAMA, Vol. 296, No.13, pp.1653-1656, 2006.

[108]. Gambaro, G., Perazella, M. A,, J. Internal Medicine, Vol. 253, pp. 643-652, 2003.
[109]. Brash, A.R., J. Clin. Invest, Vol. 107, No.11, pp. 1339-1345., 2001.

[110]. Levin, J. I, Laufer, S., Royal Society of Chemistry, 528 p, 2012.

[111]. Dennis, E. A., et al. Chem. Rev, Vol. 111, No.10, pp. 6130-6185, 2011.

[112]. Praveen Rao, P. N., Knaus, E. E., J. Pharm. Pharmaceut. Sci, Vol. 11, No.2, pp. 81s-
110s., 2008.

[113]. Seno, K., et al. J. Med. Chem., Vol. 43, No.6, pp. 1041-1044, 2000.

[114]. Ottana, R., et al. Bioorg. Med. Chem, Vol. 13, pp.4243-4252, 2005.

[115]. Charlier, C., Mishaux, C., Eur. J. Med. Chem, Vol. 38, pp.645-659., 2003.

[116]. Geronikaki, A. A., et al. J. Med. Chem., Vol. 51, No.6, pp.1601-1609, 2008.

103



[117]. Michalik, L., et al. Pharm. Rev., Vol. 58, No.4, pp.726-741, 2006.

[118]. Grygiel-Gorniak, B., Nutrition J., Vol. 13, pp.17, 2014.

[119]. Lesyk, R., et al. Boll. Chim. Farm., Vol. 137, No.6, pp.210-217, 1998.

[120]. Zimenkovsky, B., et al. Eur. J. of Pharm. Sci., Vol. 6., Suppl. 1, p.119, 1998.

[121]. Lesyk, R., et al. Eur. J. of Pharm. Sci., Vol. 8., Suppl. 2, p.27, 1999.

[122]. Zimenkovsky, B., et al. J. Pharm. Pharmacol., Vol. 51. p.264, 1999.

[123]. Lesyk, R., et al. Boll. Chim. Farm., Vol. 141, No.3, pp.197-201, 2002.

[124]. Lesyk, R. B., et al. Farmac. Zhurn. — Pharm. J., No.5, pp.58-61, 2003.

[125]. Chopra, I., Hodgson, J., Metcalf, B., Poste, G., “The search for antimicrobial agents
effective against bacteria resistant to multiple antibiotics™ Antimicrob. Agents Chemother.,
41, 497503, 1997.

[126].Andres, C.J., Bronson, J.J., D’Andrea, S. V., Despande, M. S., Falk, P.J., Grant-
young, k. A., Harte, W.e., Ho, H. T., Misco, P.F., Robertson, J. G., Stock, D., Sun, y.,
Walsch, A. W., “4Thiazolidinones: Novel inhibitors of the bacterial enzyme MurB”. Bioorg.
Med. Chem. Lett., 10, 715-717, 2000.

[127].Bronson, J.J., Den Bleyker, k. 1., Falk, P. J., Mate, r.A., Ho, H. T., Pucci, M. J., Snyder,
1. B, “Discovery of the first Antibacterial Small Molecule Inhibitors of MurB” Bioorg. Med.
Chem. Lett., 13, 873-875, 2003.

[128].Mahfouz, A., Aziz, A., elhabashy, F. M., “New synthesis of 2-substituted imidazo [2,1-

b]thiazoles and their antimicrobial activities” Arch. Pharmacal Res., 13, 9-13, 1990.

[129].Mohan, J., ranjaneyulu, G. S., (Ms) kiran, “Heterocyclic systems containing Bridgehead

Nitrogen Atom. Synthesis of imidazo[2,1-b]thiazoles, imidazo[2,1-b][1,3]thiazine-4(3H)-one

and imidazo[2’,1°:2,3]thiazolo[4,5-b]quinoxaline” Indian J. Chem., 27B, 570-572, 1988.

[130].Giirsoy, A., Demirayak, s., Cesur, z., reisch, J., 6tiik, G., “Synthesis of some new

hydrazidehydrazones, thiosemicarbazides, thiadiazoles, triazoles and their derivatives as possible

antimicrobials” Pharmazie, 45, 246-250, 1990.

[131].Giirsoy, A., Terzioglu, N., otiik, G., “Synthesis of some new hydrazide-hydrazones,

thiosemicarbazides and thiazolidinones as possible antimicrobials™ Eur. J. Med. Chem., 32, 753-

757, 1997.

[132]. Frances, C., Brown; 4-thiazolidinone. Chem Rev, 61: 463, 1961.

104



[133]. Horton, D. A., Bourne, G. T., Smyth, M. L., The combinatorial synthesis of Bicycilc
privileged structures or privileged substructures. Chem Rev, 103: 893. 2003.

[134]. Knott, E. B., The electrophilic reactivity of alkoxyalkilydene derivatives of heterocyclic
keto methylene compounds. J Chem Soc; 1482. 1954.

[135]. St Laurent, D. R., Gao, Q., Wu, D. D., Regioselective synthesis of 3- (heteroaryl)-
iminothiazolidin-4-ones  Tetrahedron Letters, 45(9): 1907-1910, 2004.

[136]. Gursoy, A., Terzioglu, N., Synthesis and isolation of new regioisomeric 4-thiazolidinones
and their anticonvulsant activity. Turk J Chem;29:247-254. 2005.

[137]. Kato, T., Ozaki, T., Tamura, K., Suzuki, Y., Akima, M., Ohi, N., Novel calcium
antagonist with both calcium overload inhibition and anti-oxidant activyt.2. Structure activity
relationship of thiazolidinone derivatives. J Med Chem; 42: 3134,1999.

[138]. Akerblom, E., 2-Aminothiazoline-4-one and 2-imnothiazolidine-4-one derivatives part 11
Tautomerism. Acta Chemica Scandinavica ; 21:1437-1442. 1967.

[139]. Singh, S.P., Parmar, S. S., Raman, K., Stenberg, V. 1., Chemistry and biological
activity of thiazolidinones. Chem Rev; 81: 175-203. 1981.

[140]. Cunico, W., et al., One-pot synthesis of 2-isopropyl-3-benzyl-1,3-thiazolidin- 4-ones and
2-phenyl 3-isobutyl-1,3- thiazolidin-4-ones from valine, arenealdehydes and mercaptoacetic
acid. Tetrahedron letters; 48 : 6217-6220. 2007.

[141]. Akerblom, E., 2-Aminothiazoline-4- one and 2-imnothiazolidine-4-one derivatives. Acta
Chemica Scandinavica 21 : 843-848. 1967.

[142]. Cesur, Z., Guner, H., Otuk, W., Synthesis and antimycobacterial activity of new
imidazo[2,1-b]thiazole derivatives  Eur J Med Chem; 29,12: 981-983. 1994.

[143]. Vicini, P., Gerenikaki, A., Anastasia, K., Incertia, M., Zania, F., Synthesis and
antimicrobial activity of novel 2- thiazolylimino-5-arylidene-4- thiazolidinones_.Bioorg Med
Chem;14: 3859-3864. 2006.

[144]. Desai, K. R., Mistry, K., Microwave assisted synthesis of nitrogen and sulphur
containing heterocyclic compounds and their pharmacological evaluation. Ind J Chem,;45B:
1762-1766. 2006.

[145]. Look, G. C., et al, The identification of cyclooxygenase-I inhibitors from 4-
thiazolidinone combinatorial libraries. Bioorg Med Chem Letters; 6,6:707-712. 1996.

105



[146]. Munson, M. C., Cook, A. W., Josey, J. A., Rao, C., An efficient high speed synthetic
route to amino substituted Thiazolidinone libraries. Tetrahedron Letters 39 : 7223-7226. 1998.
[147]. Maclean, D., et al, Agonists of the follicle stimulating hormone receptor from an encoded
thiazolidinone library. J Comb Chem; 6:196-206. 2004.

[148]. Jieping, Z., Blanchet, J., Reeve's synthesis of 2-imino-4-thiazolidinone from alkyl (aryl)
trichloromethylcarbinol revisited, a three-component process from aldehyde, chloroform and
thiourea  Tetrahedron Letters; 45:4449—4452. 2004.

[149]. Dubreuil, J. F., Bazureau, J. P., Efficient combination of task-specific ionic liquid and
microwave dielectric heating applied to one-pot three component synthesis of a small library of
4-thiazolidinones. Tetrahedron; 59: 6121-6130. 2003.

[150]. Verma, A., Saraf, S. K., 4- Thiazolidinone-A biologically active scaffold. Eur J Med
Chem 2007; doi:10.1016/j.ejmech.07.017, 2007.

[151]. Dandia, A., Singh, R., Khaturia, S., Merienne, C., Morgantc, G., Loupyd, A., Efficient
microwave enhanced regioselective synthesis of a series of benzimidazolyl/triazolyl spiro
[indole-thiazolidinones] as potent antifungal agents and crystal structure of spiro[3 H-indole-
3,2 - thiazolidine]-3 (1,2,4-triazol-3-yl)- 2,4 (1H)-dione Bioorg Med Chem 14:2409-2417.
2006.

[152]. Desai, K. G., Desai, K. R., A facile microwave enhanced synthesis of sulfur-containing 5-
membered heterocycles derived from 2- mercaptobenzothiazole over ZnCl,/ DMF and
antimicrobial activity evaluation. J Sulfur Chemistry 27,4:315-328. 2006.

[153]. Kasmi-Mir, S., Djafri, A., Paquin, L., Hamelin, J., Rahmouni, M., One-Pot Synthesis of
5-Arylidene-2-Imino-4- Thiazolidinones under Microwave Irradiation_ Molecules 11:597 602.
2006.

[154]. Erdelyl, M., Solid phase methods for the microwave assisted synthesis of heterocycles.
Top Heterocyclic Chemistry 1:79—128. 2006.

[155]. Martins, M., Frizzo, C. P., Moreira, D. N., Zanatta, N., Bonacorso, H. G., lonic liquids
in heterocyclic synthesis. Chem Rev 108:2015-2050. 2008.

[156]. Khovratovich, N. N., Chizhevskaya, I. I., The problem of the tautomerism of 2-
iminothiazolidin-4- one and some of its derivatives. Khimiya Geterotsiklicheskikh Soedinen

3(4):637-641. 1967.

106



[157]. Chizhevskaya, 1. 1., Zavadskaya, M. I., Khovratovich, N. N., synthesis and spectroscopic
investigation of some arylazo derivatives of thiazolidin-4- one. Khimiya Geterotsiklicheskikh
Soedinenii, 5(1):52-55. 1969.

[158]. Chizhevskaya, I. 1., Khovratovich, N. N., Kharchenko, R. S., Investigation of the
mobility of methylene group hydrogen atoms in some derivatives of 2-iminothiazolidin-4-one.
Khimiya Geterotsiklicheskikh Soedinenii 3(4):642-646. 1967.

[159]. Popp, F.D., Rajopadhye, M. J., J. Heterocyclic Chem ,24:261. 1987.

[160]. Taylor, P.J., Spectrochim. Acta, 26A:153. 1970.

[161]. Fabian, B., Kudar, V., Csampai, A., Tibor, Zs., Nagy, Pal Sohar, Synthesis, IR, NMR,
DFT and X-ray study of ferrocenyl heterocycles from thiosemicarbazones. Part 21: Study on
ferrocenes. J Organometallic Chemistry, 692:5621-5632. 2007.

[162]. Markovi, R., Shirazi, A.Z., Ambaski, D., Baranac, M., J Serbian Chemical Society,
68(1):17.2003.

[163]. Nagase, H., Studies on fungicides XXII. Reaction of dimethyl Acetylenedicarboxylate
with Dithiocarbamates, thiolcarbamates, Thiosemicarbazides and Thiosemicarbazones. Chem
Pharm Bull 21: 279-286. 1973.

[164]. Nagase, H., Studies on fungicides: XXI. Reaction of Dimethyl acetylenedicarboxylate
with thioureas. Chem Pharm Bull 21: 270. 1973.

[165]. Nasirullah, F. A., Osman, S. M., Derivatization of keto fatty acids: synthesis and mass
spectrometry of thiazolidinones. J American Oil and Chemical Society 59,10,1: 411. 1982.
[166]. Lima, W. T., Lima, J.G., Gos, A.J. S., Mass spectrometry of some n-tryptophyl- 4-
thiazolidinone and n-tryptophyl-5- benzylidene-4- thiazolidinone derivatives. Spectroscopy
Letters 35,1: 137-144. 2002.

[167]. Monforte, P., ef al, Discovery of 2,3- diaryl-1,3-thiazolidin-4-ones as potent
anti-HIV-1 agent. Bioorg Med Chem Letters, 11:1793—1796. 2001.

[168]. Rao, et al., Synthesis and anti-HIV activity of 2,3-diaryl-1,3-thiazolidin- 4-(thi)one
derivatives. IL Farmaco 57:747-751. 2002.

[169]. Rao; ef al., Synthesis of new 2, 3- diaryl-1,3-thiazolidin-4-ones as anti- HIV agents. /L
Farmaco 59:33-39. 2004.

[170]. Balzarini, J., Orzeszko, B., Maurin, J. K., Orzeszko, A., Synthesis and anti-HIV studies
of 2-admantylsubstituted thiazolidine-4-ones. Eur J Med Chem 42:993-1003. 2007.

107



[171]. Rawal, R. K., et al., Eur J Med Chem , doi:10.1016/j.ejmech2007. 12.015. 2008.

[172]. Monforte, P., ef al, Microwaveassisted synthesis of benzimidazole and thiazolidinone
derivatives as HIV-1 RT inhibitors  ARKIVOC (v):147-155. 2004.

[173]. Ravichandran, V., Prashantha Kumar, B. R., Sankar, S., Agrawal, R. K., Predicting
anti-HIV activity of 1,3,4-thiazolidinone derivatives: 3DQSAR approach. Eur J Med Chem,
doi:10.1016/j.ejmech. 2008.05.036. 2008.

[174]. Shyam, R., Tiwari, R. C., Bull Chem Soc of Japan 49: 171.1972.

[175]. Kumar, R., Gupta, T. K., Parmar, S. S.,J Practical Chem 312: 201. 1970.

[176]. Dwivedi, C., Gupta, S.S., Parmar, S.S., Substituted thiazolidinones as anticonvulsants.
J Med Chem 15:553. 1972.

[177]. Parmar, S.S., Dwivedi, C., Chaudhari, A., Gupta, T. K., Substituted thiazolidinones and
their selective inhibition of nicotinamide dependant oxidations. J Med Chem 15:99. 1972.

[178]. Malawska, B., New anticonvulsant agents. Current Topics in Medicinal Chem 5:69-85.
2005.

[179]. Chen, et al., Synthesis and biological activity of novel thiazolidin-4-ones with a
carbohydrate moiety. Carbohydrate Research 343: 3015-3020. 2008.

[180]. Ulusoy, N., Ergen, N., Ekinci, A. C., Ozer, H., Synthesis and anticonvulsant activity of
some new arylidenehydrazides and 4- thiazolidinones. Monatshefte fur Chemie 127:1197-1202.
1996.

[181]. Archana, Srivastava, V. K., Kumar, A., Synthesis of newer thiadiazolyl and
thiazolidinonyl quinazolin-4(3H)- ones as potential anticonvulsant agents. Eur J Med Chem 37:
873- 882.2002.

[182]. Shiradkar, M. R., Nikalje, A. G., Synthesis and anticonvulsant activity of clubbed
thiazolidinone-barbituric acid and thiazolidinone-triazole derivatives  ARKIVOC (xiv): 58-74.
2007.

[183]. Bhoot, D. P., Khunt, R. C., Shankhavara, V. K., Parekh, H. H., Journal of Sciences
17(4): 323- 325. 2006.

[184]. Altintas, H., ef al., Synthesis of Mannich bases of some 2,5- disubstituted 4-
thiazolidinones and evaluation of their antimicrobial activities. Turk J Chem 29: 425- 435. 2005.

108



[185]. Desai, K. G., Desai, K. R., A facile microwave enhanced synthesis of sulfur-containing
S5-membered heterocycles derived from 2- mercaptobenzothiazole over ZnCl,/ DMF and
antimicrobial activity evaluation. J Sulfur Chemistry 27(4):315-328. 2006.

[186]. Saced, A., Abbas, N., Florke, U., J Braz Chem Soc 18(3):559-565. 2007.

[187]. Shah, T.J., Desai, V. A., Synthesis of some novel fluorinated 4- thiazolidinones
containing amide linkages and their antimicrobial screening. ARKIVOC (xiv): 218-228. 2007.
[188]. Mehta, P. D., Sengar, N. P., Subrahmanyam, E. V. S., Satyanarayana, D., Synthesis and
Biological Activity Studies of Some thiazolidinones and azetidinones. Ind J Pharm Sci 68
(1):103-106. 2006.

[189]. Hamed, A.E., Nadia, H., Metwalli, Nagwa, M. M., Cyclo addition reactions of 5-(2-
thienyl) methylene derivatives of thiazolidinone-4-thiones and their antimicrobial activities.
Archives of Pharmaceutical Research 13(1):5-8. 1990.

[190]. Pawar, R. B., Mulwad, V. V., Synthesis of some biologically active pyrazole,
thiazolidinone, and azetidinone derivatives. Chemistry of Heterocyclic Compounds 40(2):219-
226.2004.

[191]. Aly, A. A., Sayed, R., Chem Pap 60 (1): 56-60. 2006.

[192]. Vicini, P., Geronikaki, A., Incerti, M., Zani, F., Deardenc, J., Hewitt M, 2-
Heteroarylimino-5-benzylidene-4- thiazolidinones analogues of 2- thiazolylimino-5-benzylidene-
4- thiazolidinones with antimicrobial activity: Synthesis and structure activity relationship
Bioorg Med Chem 16:3714-37242008.

[193]. Cacic, M., Trkovnik, M., Cacic, F., Has- Schon, E., Synthesis and antimicrobial activity
of some derivatives of (7-hydroxy-2-oxo-2ichromen- 4-yl)-acetic acid hydrazide, Molecules
11:134-147. 2006.

[194]. Vagdevi, H. M., Vaidya, V. P., Latha, K. P., Padmashali, B., Synthesis and
pharmacological examination of some Thiazolidinone derivatives of Naphto[2,1-b]furan. Indian
J Pharm Sci ,68(6): 719-725. 2006.

[195]. Yanofsky, S. D., et al., Allosteric activation of the follicle-stimulating hormone (fsh)
receptor by selective, nonpeptide agonists. J Biol Chem 281(19):13226-13237. 2006.

[196]. Brian, J., Arey, et al Differing pharmacological activities of tiazolidinone analogs at the

FSH receptor. Biochemical and Biophysical Research Communications 368: 723-728. 2008.

109



[197]. Wrobel, ., et al., 5-Alkylated thiazolidinones as follicle-stimulating hormone (FSH)
receptor agonists, Bioorg Med Chem 14:5729-5741. 2006.

[198]. Pelletier, J. C., et al., Preparation of highly substituted gamma-lactam follicle stimulating
hormone receptor agonists, Bioorg Med Chem 13:5986-5995. 2005.

[199]. Maclean, D., et al.,, J Comb Chem 6:196-204. 2004.

[200]. Albanese, C., et al., Mol Cell Endocrinol 101: 211-219. 1994.

[201]. Hongyu, Z., et al., Design, synthesis, cytoselective toxicity, structure—activity
relationships, and pharmacophore of thiazolidinone derivatives targeting drug-resistant lung
cancer cells. J Med Chem 51:1242—1250. 2008.

[202]. Gududuru, V., Bioorg Med Chem Lett 14:5289-5293. 2004.

[203]. Dexter, D. L., Barbosa, J. A., Calabresi, P., Cancer Res 39:1020. 1979.

[204]. Brattain, M. G., Fine, W. D., Khaled, F. M., Thompson, J., Brattain, D. E., Cancer Res
41:1751. 1981.

[205]. Fogh, J., Trempe, G., Fogh, J. 1., Human Tumor Cells in Vitro, Plenum Press, New York,
115-119. 1975.

[206]. Tompkins, W. A., Watrach, A. M., Schmale, J. D., Schultz, R. M., Harris, J. A., Natl,
J., Cancer Inst. 52:1101. 1974.

[207]. NCI-Navy Medical Oncology Branch cell line supplement, J Cell Biochem Suppl 24.
1996.

[208]. Miller, et al., US /0155807 A1, 2007.

[209]. Vazzana, I, Terranova, E., Mattioli, F., Sparatore, F., Aromatic Schiff bases and 2,3-
disubstituted-1,3-thiazolidin- 4- one derivatives as anti-inflammatory agents. Arkivoc (v):364-
374.2004.

[210]. Kumar, A., Rajput, C. S., Bhati, S. K., Synthesis of 3-[4' - (p-chlorophenyl)- thiazol-2 '-
yl]-2-[substituted azetidinone/ thiazolidinone)-aminomethyl]-6- bromoquinazolin-4-ones as anti-
inflammatory agent, Bioorg Med Chem 15: 3089-3096. 2007.

[211]. Panetta, J. A., et al., The anti-inflammatory effects of LY 178002 and LY256548. Agents
and Actions, 27: 300-302. 1989.

[212]. Ottana, R., et al., Eur J Pharmacol 448: 71-80. 2002.

[213]. DiRosa, M., Willoughby, D. A., J Pharm Pharmacol 23: 297-298. 1971.

[214]. Cuzzocrea, S., Zingarelli, B., Gilard, E., Hake, P., Salzman, A. L., Szabo, C., Free

110



Radical Biol Med. 24: 450-459. 1998.

[215]. Newbould, B. B., British J Pharmacology, 24632. 1965.

[216]. Geronikaki, A. A., et al., Computeraided discovery of anti-inflammatory thiazolidinones
with dual cyclooxygenase/ lipoxygenase inhibition. J Med Chem 51(6):1601-1609. 2008.

[217]. Barrett, K. E., Keely, S. J., Annual Review Physiology 62: 535. 2000.

[218]. Tonghui, M., et al., J. Clinical Investigation, 110(11):1651-1658. 2002.

[219]. Sonawane, N. D., Verkman, A. S., Thiazolidinone CFTR inhibitors with improved water
solubility identified by structure-activity analysis Bioorg Med Chem 16:8187-8195. 2008.
[220]. Alessandro Taddei, et al., Altered channel gating mechanism for CFTR inhibition by a
high-affnity thiazolidinone blocker, FEBS Letters, 558:52-56. 2004.

[221]. Hong Yang, et al., The Journal of Biological Chemistry, 278(37):35079-35085. 2003.
[222]. Pawelczyk, A., Zaprutko, L., Microwave assisted synthesis of fragrant jasmone
heterocyclic analogues European Journal of Medicinal Chemistry, 41:586-591, 2006.

[223]. Ottana, R., Carotti, S., Maccari, R., Landini, L., Chiricosta, G., Caciagli, B., Vigorita,
M.G., Mini, E., Bioorg. Med. Chem. Lett. 15 ,3930. 2005.

[224]. Raval, J. P., Desai, K. R., Arkivoc 21. 2005.

[225]. Srivastava, S. D., Kohli, P., Proc. Natl. Acad. India 77, 199. 2007.

[226]. Rawat, T.R., Srivastava, S. D., Indian J. Chem., B 37 ,91. 1998.

[227]. Trivedi, A.R., Siddiqui, A. B., Shah, V. H.; Arkivoc 210. 2008.

[228]. Weng, F., Tan, J., Acta Pharmacol. Sin. 24 ,1001. 2003.

[229]. Rajasekaran, A., Tripathi, P. P., Acta Pharm. Turc. 45 , 235. 2003.

[230]. Kasmi-Mir, S., Djafri, A., Paquin, L., Hamelin, J., Rahmouni, M., Molecules 11 ,597.
2006.

[231]. Frieden, T.R., Sterling, T. R., Munsiff, S. S., Watt, C.J., and Dye, C., Lancet, 362, 887
,2003.

[232]. Alland, D., Kalkut, G. E., and Moss, A.R. N., Engl. J. Med., 330,1710 ,1994.

[233]. Whalen, C., Horsburgh, C. R., and Hom, D., Am. J. Respir. Crit. Care Med., 151, 129
,1995.

[234]. Sriram, D., Yogeeswari, P., and Madhu, K., Bioorg. Med. Chem. Lett., 15,4502 ,2005.
[235]. Global Alliance for TB Drug Development: Scientific blueprint for tuberculosis drug
development. Tuberculosis, 81, 1 ,2001.

111



[236]. Schaaf, H. S., and Zumla, A. 1., JAMA. 302, 2488 ,2009.

[237]. He, G. X., Vandenhof, S., Borgdorff, M. W., Vanderwerf, M. J., Cheng, S. M., Hu, Y.
L., Zhang, L. X., and Wang, L. X., Int. J. Tubercul. Lung Dis., 14, 884 ,2010.

[238]. Krogh, R., Yunes, R. A., and Andricopulo, A. D., Farmaco, 55, 730 ,2000.

[239]. Anchana, C., Aphiwat, T., Jeremy, D., and Nuansri, R., Food Chem., 100, 1044 ,2007.
[240]. Sakaguchi, N., Inoue, M., Isuzugawa, K., Ogihara, Y., and Hosaka, K., Biol. Pharm.
Bull., 22,471,1999.

[241]. Nagendra, P. K., Yang, B., Yang, S., Yulong, C., Mouming, Z., Ashraf, M., and Jiang,
Y., Food Chem., 116, 1,2009.

[242]. Arunkumar, S., Ilango, K., Manikandan, R. S., Sudha, M., and Ramalakshmi, N., Int. J.
Chemtech. Res., 1, 1094 ,2009.

[243]. Zuo, H., Jose, G., Boli, Z., Hyunmoon, B., Soo shin, D., Ghate, M., Arkivoc, 2, 183-
189. 2008.

[244]. Lee, S., Sivakumar, K., Seobshin, W., Xie, F., Wang, Q., Biorgganic & Medicinal
Chemistry Letters, 16, 4596-4599. 2006.

[245]. Moghadam, K., Mohseni, M., Montash Chem, 135,817-821. 2004.

[246]. Dekic, S. V., Dekic, V. S., Dekic, B. R., Dekic, M. S., Chem. Pap., 61, 3, 233-235.
2007.

[247]. Maheswara, M., siddaiah, V., Damu, G. L., Rao, Y. K., Rao, C. V., Journal of
Molecular Catalysis A:Chemical, 255, 49-52. 2006.

[248]. Rrajitha, B., Naveen, V., someshwar, P., Narsimha, P., Thirupathi, Y., Arkivoc, 12, 23-
27.2006.

[249]. Zahradnik, M., The production and application of fluorescent brightening agents, John
wiley & Sons, New York, 1992.

[250]. Sizova, Z. A., Karasev, A. A., Lukatskaya, L. L., Rubtsov, M. I, Doroshenko, A.O.,
Theoritical And Experimental Chemistry, 38, 3, 168-172. 2002.

[251]. Sondhi, S. M., Singh, N., Johar, M., Kumar, A., Synthesis, anti-inflammatory and
analgesic activities evaluation of some mono, bi, tricyclic pyrimidine derivatives. Bioorg. Med.

Chem. 13, 6158-6166, 2005.

112



[252]. Mahajan, N. S., Pattan, S. R., Jadhav, R. L., Pimpodkar, N. V., and Manikrao, A. M.,
Synthesis of some thiazole compounds of biological interest containing mercapto group, Int. J.
Chem. Sci. 6 (2): 800-806. 2008.

[253]. Basavaraja, K. M., Somasekhar, B., and Appalaraju, S., Synthesis and biological activity
of some 2-[3-substituted-2- thione- 1,3,4-thiazole-5-yl] amino benzothiazoles, Indian J.
Heterocycl. Chem.;18: 69-72. 2008.

[254]. Karabasanagouda, T., Adhikari, A. V., Ramgopal, D., and Parameshwarappa, G.,
Synthesis of some new 2-(4- alkylthiophenoxy)-4-substituted-1, 3- thiazoles as possible anti-
inflammatory andantimicrobial agents, Indian J. Chem.; 47B:144-152. 2008.

[255]. Abbs, T.F., Reji, F., Devi, S. K. C., Thomas, K. K., Sreejalekshmi, K. G., Manju, S. L.,
Francis, M., Philip, S. K., Bharathan, A., and Rajasekharan, K. N., Synthesis and cytotoxicity
studies of thiazole analogs of the anticancer marine alkaloid dendrodoine, Indian J. Chem.; 47B:
1145-1150. 2008.

[256]. Chowki, A. A., Magdum, C.S., Ladda, P. L., and Mohite, S. K., Synthesis and
antitubercular activity of 6-nitro-2-[4-formyl-3-(substituted phenyl) pyrazol-1-yl]
benzothiazoles, Int. J. Chem. Sci.;6 (3): 1600-1605. 2008.

[257]. Bhusari, K. P., Khedekar, P. B., Umathe, S. N., Bahekar, R. H., and Raghu Ram Rao,
A., Synthesis of 8-bromo-9-substituted-1,3- benzothiazolo-[5,1-b]-1, 3, 4-triazoles and their
anthelmintic activity, Indian J. Hetero.Chem.: 275-278. 2009.

[258]. Basawaraj, R., Suresh, M., and Sangapure, S.S., Synthesis and Pharmacological
activities of some 2- arylamino/arylidene hydrazio-4-(5’- chloro-3’-methylbenzofurn-2’- yl)
thiazoles, Indian J. Heterocycl. Chem.;15: 153-156. 2005.

[259]. Lozach, N., Forty years of heterocyclic Sulphur Chemistry in Sulphur reports, 10 (7):
1990.

[260]. Om Prakash, Rashmi, P., Pooja, R., Kamaljeet, P., Yogita, D., and Aneja, K. R.,
Synthesis and antibacterial activity of 1,3-diaryl-4-cyanopyrazole, Indian J. Chem.; 48B: 563-
568. 2009.

[261]. Kumar, A., Lata, S., Saxena, K. K., and Chandra, T., Synthesis and evaluation of new
substituted indolyl pyrazolines as anti-inflammatory and analgesic activities, Indian Drugs..46

(9): 43 -48. 2009.

113



[262]. Kittur, B. S., Sastri, B. S., Pattan, S. R., Rabara, P. A., and Muchhandi, I. S., Synthesis
and anti-inflammatory activity of some novel 1,3,4- oxadiazole and pyrazole derivatives, Indian
drugs.; 46 (4): 287-290. 2009.

[263]. El-Hamouly, W. S., El-Khamry, A. M. A., and Abbaa, E. M. H., Synthesis of new 4-
arylisoxazolo[ 5,4-d]pyrimidin-6- one(thione) and 4-aryl-pyrazolo[3,4-d]- pyrimidin-6-one
derivatives of potential antihypertensive activity, Indian J. Chem.; 45B: 2091-2098. 2006.
[264]. Patil, P. O., Belsare, D. P., Kosalge, S. B., and Fursule, R. A., Microwave assisted
synthesis and anti-depressant activity of some 1,3,5- triphenyl-2-pyrazolines, Int. J. Chem. Sci.;6
(2): 717-725, 2008.

[265]. Shikha, S. D., and Anjali, M. R., Synthesis of substituted 2-(5-(2-chloroquinolin-3- yl)-
4,5- dihydro-1H-pyrazol-3- yl)phenols as antibacterial and anticancer agents, Indian J. Hetero.
Chem.;18: 397-398. 2009.

[266]. Wu, M., Sun, Q., Yang, C., Chen, D., Ding, J., Chen, Y., Lin, L., Xie, Y., Bioorg.
Med. Chem. Lett. 17, 869 ,2007 .

[267]. Seffrin, J. R., Hill, D., Burkart, W., Magrath, 1., Badwe, R. A., Ngoma, T., Mohar, A.,
Grey, N., Cancer, C. A., J. Clin. 59, 282 ,2009 .

[268]. Smith, B. D., Smith, G. L., Hurria, A., Hortobagyi, G. N., Buchholz, T. A., J. Clin.
Oncol 27,2758 ,2009 .

[269]. Speirs, C. K., Hwang, M., Kim, S., Li, W., Chang, S., Varki, V., Mitchell, L.,
Schleicher, S., Lu, B., Cancer Res. 1,43 ,2011.

[270]. Coates, J. M., Galante, J. M., Bold, R.J., J. Surg. Res. 164, 301 ,2010.

[271]. Indran, 1. R., Tufo, G., Pervaiz, S., Brenner, C., Biochim. Biophys. Acta 1807, 735
,2011 .

[272]. Giansanti, V., Tillhon, M., Mazzini, G., Prosperi, E., Lombardi, P., Scovassi, A. L,
Biochem. Pharmacol. 82, 1304 ,2011 .

[273]. Horbinski, C., Mojesky, C., Kyprianou, N., Am. J. Pathol. 177, 1044 , 2010 .

[274]. Zhong, X., Rescorla, F.,J. Cell Signal 24,393 ,2012 .

[275]. Fabbro, D., Cowan-Jacob, S. W., Mobitz, H., Martiny-Baron, G., Methods Mol. Biol.
795,1,2012.

[276]. Lefranc, F., Brotchi, J., Kiss, R., J. Clin. Oncol. 23, 2411,2005.

[277]. Lefranc, F., Facchini, V., Kiss, R., Oncologist 12, 1395 ,2007.

114



[278]. Stupp, R., Hegi, M. E., Mason, W. P., Van den Bent, M. J., Taphoorn, M. J., Janzer, R.
C., Ludwin, S. K., Allgeier, A., Fisher, B., Belanger, K., Hau, P., Brandes, A. A., Gijtenbeek,
J., Marosi, C., Vecht, C.J., Mokhtari, K., Wesseling, P., Villa, S., Eisenhauer, E., Gorlia, T.,
Weller, M., Lacombe, D., Cairncross, J. G., Mirimanoff, R. O., European Organisation for
Research and Treatment of Cancer Brain Tumour and Radiation Oncology Groups, National
Cancer Institute of Canada Clinical Trials Group, Lancet Oncol. 10, 434, 2009 .

[279]. Soengas, M. S., Lowe, S. W., Oncogene 22,3138 ,2003 .

[280]. Mathieu, V., Le Mercier, M., De Neve, N., Sauvage, S., Gras, T., Roland, 1., Lefranc,
F., Kiss, R., J. Invest. Dermatol. 127, 2399 ,2007 .

[281]. Bruyere, C., Lonez, C., Duray, A., Cludts, S., Ruysschaert, J. M., Saussez, S., Yeaton,
P., Kiss, R., Cancer 117,2004 ,2011.

[282]. Yusuf, M., Jain, P., Arab. J. Chem.: in press ,2011.

[283]. Patil, V., Tilekar, K., Mehendale-Munj, S., Mohan, R., Ramaa, C. S., Eur. J. Med.
Chem. 45, 4539 ,2010 .

[284]. Walenzyk, T., Carola, C., Buchholz, H., Konig, B., Tetrahedron 61, 7366 ,2005 .
[285]. Terzidis, M., Tsoleridis, C. A., Stephanidou-Stephanatou, ., Tetrahedron 63, 7828
,2007 .

[286]. Mathieu, A., Remmelink, M., D’Haene, N., Penant, S., Gaussin, J. F., Van Ginckel,
R., Darro, F., Kiss, R., Salmon, I.,Cancer 101, 1908 ,2004.

[287]. Mijatovic, T., Mathieu, V., Gaussin, J. F., De Neve, N., Ribaucour, F., Van
Quaquebeke, E., Dumont, P., Darro, F., Kiss, R., Neoplasia, R., 8,402 ,2006.

[288]. Van Goietsenoven, G., Hutton, J., Becker, J. P., Lallemand, B., Robert, F., Lefranc, F.,
Pirker, C., Vandenbussche, G., Van Antwerpen, P., Evidente, A., Berger, W., Prévost, M.,
Pelletier, J., Kiss, R., Kinzy, T. G., Kornienko, A., Mathieu, V., Faseb, J., 24, 4575 ,2010.
[289]. Ingrassia, L., Lefranc, F., Dewelle, J., Pottier, L., Mathieu, V., Spiegl-Kreinecker, S.,
Sauvage, S., El Yazidi, M., Dehoux, M., Berger, W., Van Quaquebeke, E., Kiss, R., J. Med.
Chem. 52, 1100 ,2009 .

[290]. Lefranc, F., Mijatovic, T., Kondo, Y., Sauvage, S., Roland, 1., Krstic, D., Vasic, V.,
Gailly, P., Kondo, S., Blanco, G., Kiss, R., Neurosurgery 62,211 ,2008.

[291]. Branle, F., Lefranc, F., Camby, L., Jeuken, J., Geurts-Moespot, A., Sprenger, S.,
Sweep, F., Kiss, R., Salmon, 1., Cancer 95, 641 ,2002.

115



[292]. Dumont, P., Ingrassia, L., Rouzeau, S., Ribaucour, F., Thomas, S., Roland, I., Darro,
F., Lefranc, F., Kiss, R., Neoplasia 9, 766 ,2007.

[293]. Belot, N., Pochet, R., Heizmann, C. W., Kiss, R., Decaestecker, C., Biochim. Biophys.
Acta 1600, 74,2002 .

[294]. Decaestecker, C., Debeir, O., Van Ham, P., Kiss, R., Med. Res. Rev. 27, 149 ,2007.
[295]. Oniga, O., Ndongo, J. T., Moldovan, C., Tiperciuc, B., Crisan, O., Pirnau, A., Vlase,
L., Verite, Ph., Farmacia 60(6), 785 ,2012.

[296]. Jin, S. H., Liang, X. M., Yang, X., Chen, F. H., Wang, D. Q., Chin Chem Lett 20, 1267
,2009.

[297]. Shih, M. H., Wu, C. L., Tetrahedron 61, 10917 ,2005.

[298]. Bondock, S., Khalifa, W., Fadda, A. A., Eur. J. Med. Chem. 42, 948 ,2007.

[299]. Suni, V., Kurup, R. P., Nethaji, M., Spectrochim. Acta. Part A 63, 174 ,2006 .

116



	1st part
	final thesis paper

